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very substantial activity in a 
experimentation in industry. 


; yer’ The need for instruments in this 
field is, perhaps, greater than that of any other so far 
uncovered by man. lai will the: ic trumentsebe 


atu there will be need for large piles and small e. 
for low-temperature piles and for high-temperature peaee.. 
for high— ‘output onset and for 1 om--aesees aeons rT} wi 


n t the Gales of power is not a ‘fixed thing, 
and it may be that many uses will be found for pile power 
in which the overall cost of the power is not tae pep 
ling factor. , in id javewe 


It might be possible to put in power plants in the far north 
or in desert regions adjacent to important mineral deposits. 


ther act If the United States unduly restricts 
scientific and industrial activities in nucleonics, and other 
countries do not, such other countries snoule eventually have 
a military advantage over us. vital 
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+ Events of past decade bear out 
promise of growth of atomic energy industry 
that was predicted July 13, 1944... see page 8 








For leak detection pphicatlor vner the utmost in 
sensitivity is require ynsolidated’s new Model 
24-110 Leak Detector meets the most stringent re- 
quirements. The latest addition to the Consolidated 
leak detector line is a modification of a high precision 


instrument built by CEC tor the Atomic Energy Com- 


made famous by CEC’s widely used Model 24-I1O01A 


mission. Operatin ron the mass spectromete! principle 


industrial leak detector, the sensitivity of the 24-110 
has been multiplted b i i r of 10 through ad 
vanced electronic techniques. Its uses include testing 
of both evacuated and pressurized equipment, reveal- 


ing the existence or the absence of leaks, finding the 








locations of leaks, and determining the rates of | 

Outstanding features include: an audible alari 

sound-pitch varies with the magnituc’e of th 

accessory sampling probe for rapid pressure-system 

leak testing; a selector switch that provides six ranges 
pal 

dicating the presence of | part helium in 


of sensitivit¥; a visual leak-rate meter ca 


> 


2.000.000 
parts ¢ Compact, self-contained and mobile, Con- 
solidated S new Nlodel 2 $-110 l cak Detector Is a per- 


fect tool for highly critical applications such as 


detection in ultra high vacuum laboratory equipment, 


leak-checking of ITV color tubes, and satety control in 


nuclear material manutacturing, 
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Aco by McGraw-Hill Editors 
Research in the science of feed-back systems during 
World War II brought a new dimension to the art of 
instrumentation and control for business and industrial 
processes and machinery. 


Out of this development a new engineering art—the 
design and application of closed-loop control systems — 
has grown. It can provide a new level of productivity 
for American business and industry. 


Since 1944, McGraw-Hill has been conducting a series 
of market analyses to determine editorial scope, circu- 
lation and advertising potentials for a magazine serving 
this field. The most recent of these studies, conducted 
early in 1953, indicated a strong current need for such 
a Magazine among design engineers and technically 
trained management men in a broad range of industries. 


Accordingly, in January, 1954, the first pilot issue of 
CONTROL ENGINEERING was published. Field surveys 
indicated an enthusiastic reception on the part of the 
men it was designed to serve. Many letters were also 
received praising its editorial scope and usefulness 
Strong advertising support was voiced by leading man- 
ifacturers of instruments and control devices. 


ve Tou 


1, Every issue of CONTROL ENGINEERING will show you 
how instrumentation and automatic controls are being 
applied in your own and related industries. It will de- 
scribe new methods as they are developed. It will de- 
scribe them in terms you can use. 


2. CONTROL ENGINEERING will serve as a shop and lab- 
oratory manual filled with down-to-earth, practical data 
It will aid you as a management man interested in in- 
creased production, improved quality and lower costs 
It will aid you as an engineer interested in the methods 
and equipment required to attain these goals 


vv E 1q 


+r best iA 


CONTROL ENGINEERING’s Editorial Staff provides a 
unique pool of background expertness in all phases of 
modern control technology. At its command are the 
resources of MceGraw-Hill’s national and international 
business-news-gathering facilities and technical serv- 


ices. 


System-Engineering 
Associate Editor William E. Vannah, a specialist in the 


function of instrumentation in plant dynamics and 
contemporary instrument and system design, was asso- 
ciated for the past five years with the Research and 
Development Division of Foxboro Instrument Company. 


Mathematician-Editor 

George A. W. Boehm, formerly science editor of News- 
week, a mathematician and specialist in interpreting 
current technical developments, has been appointed 
Managing Editor of CONTROL ENGINEERING. 
Servo-Technology 

Associate Editor Byron K. Ledgerwood, formerly an 
editor of Product Engineering, specialized in reporting 
on servomechanisms in machine and system design. 
Process Control 

Business Editor Lloyd E. Slater, former Industry Man- 
ager at Minneapolis-Honeywell and Associate Editor 
of Food Engineering, specialized in development and 
application of automatic controls in processing. 
Computer-Engineering 

Assistant Editor Edward J. Kompass, formerly with 
The de Florez Company, Inc., is skilled in the design 
and development of digital computer technology. 


Consulting Editors 

Supplementing its working Staff, CONTROL ENGINEER- 
ING will draw upon the advice and experience of a 
3oard of Consulting Editors comprised of four out- 
standing authorities in the field. 


ects Like These W t vered Re y 


—Analog Computers for Machine Control 
—Automatic Gaging and Weighing Controls 
—Automatic Selection and Transfer Methods 
—Electrical, Electronic and Mechanical Controls 
—Indexing and Recording Equipment 
—Instrumentation Inspection Equipment 
—Magnetic Tape Operating and Inspection Methods 
—Punch Card Operating Equipment 

—Servo Systems ... and many more 
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Charter subscriptions to CONTROL ENGINEERING are 
limited to top management, production management, 
engineering management and to control, design and 
processing engineers in manufacturing, processing and 
allied industries. These subscriptions are available in 
advance of publication at the low price of $3 for 1 year, 
$4 for 2 years, or $5 for 3 years. Simply fill out and mail 
the coupon and we will send you a memo bill after you 
receive your first issue of CONTROL ENGINEERING. 


Please enter my Charter Subscription to Control Engineering starting with Vol. 1, No. 1 in September, 1954 
at the low pre-publication price checked below. It is understood that | will be billed after | receive my first issue. 


3 years $5 


2 years $4 


These rates are for U.S. and possessions only. Other rates on request. 
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HIGHLY VALUABLE IN MEASURING FLUX, THE INDICATING FLUXMETER IS ALSO USEFUL IN TIME INTEGRATIONS OF TRANSIENT VOLTAGE. 


Eliminate Costly Flux-measurement Errors with 
Highly Sensitive G-E Indicating Fluxmeter 


Three outstanding features of the General Electric deflection per 100 flux lines is readily obtainable. 


indicating fluxmeter combine to provide dependable 3. AN EXTERNAL CONTROL BOX provides compen- 
magnetic measurement: 


1. THE INSTRUMENT is extremely accurate; +1% of 
full-scale deflection. 


sation for small extraneous voltages. 

Price of the equipment, including control box, is 
$278.50.* Aseparate unit for calibration of the instru 
2. UNUSUALLY HIGH sensitivity of 1 millimeter ment over a wide sensitivity range is $58.50.* 





RECORDING FLUXMETER GAUSS METER BULLETIN AVAILABLE 


SECTION B605-79 
. GENERAL ELECTRIC COMPANY 
‘ SCHENECTADY, N. Y. 
Please send me a copy of your 
Bulletin GEC-777, ‘‘Equipment for 
. Measuring Magnetic Properties.’ 
ne NAME 
z . COMPANY 
ADDRESS 





COMBINING THE ADVANTAGES of CONVENIENT, POCKET-SIZE gauss meter facili- FOR FURTHER DETAILS about 
the indicating fluxmeter with those of tates checks of flux density and 


direction in these instruments, simply send 
aG-Estrip-chart recorder, the record magnetic gaps. Ideal for use in small or conjested in coupon, or contact your near 
ing fluxmeter is priced at $780.00.* ireas. Price with reference magnet, case, $67.10.* est G-E Apparatus Sales Office. 


*Manufacturer's suggested retail 
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LATE EWS OO 


International First major international nuclear engineering conference in this country sponsored 
by American Institute of Chemical Engineers, was held last week at Ann Arbor, 
Mich. Nearly 120 foreign scientists and program officials representing 16 nations 
were present. Although some newly declassified information was presented, for- 
eigners particularly noticed secrecy barriers. 


Construction has begun on Belgium’s first reactor—a 3%-Mw graphite-moderated 
reactor using U. S.-fabricated natural-uranium fuel elements. The Belgians 
changed their plans last year when they were able to get 30 tons of canned fuel 
slugs from this country and sufficient graphite from Britain to permit building a 
larger reactor patterned after the air-cooled Oak Ridge pile. In Parliament, the 
former Belgian foreign minister reported the fuel and graphite came from “our 
Anglo-American allies.” For diplomatic reasons the U. S. has tried to keep 
the transfer quiet. 





Reorganization of Canada’s nuclear activities would put Chalk River research and 
Eldorado uranium mining operations under a single crown holding company. 
Under the new set-up Chalk River operations would be under Nuclear Research 
Ltd., with Atomic Energy of Canada Ltd. becoming the holding company name. 
Chief purpose is to plow mining profits into nuclear research at the Chalk 
River project. 
. 

Holland and Norway may combine on another reactor project. The Dutch 
Parliament has been asked to authorize construction of a $7.4-million pressurized 
heavy-water reactor that would produce 10,000 kw and be the prototype for a 
merchant ship plant. The reactor would be built in Holland, with the cost 
borne by the Dutch and the Norwegians supplying the fuel. 


Mystery surrounding Argentine atomic energy program has obscured active work 
in progress for past several years. Plans are now jelling for Argentina’s first 
nuclear reactor. Patterned partially after now-defunct Daniels Oak Ridge design 
concept, it will be natural-uranium fueled, beryllium-oxide moderated, heavy- 
water cooled, and will produce 17,000 kw. 


Congress has just approved fiscal ‘55 money for: high-performance research re- 
actor—for Oak Ridge, to produce 10,000 kw and 10**n/cm*/sec—cost: 24%-million; 
strong-focusing synchrotron for Brookhaven—cost: $20 million; pilot plant for 
processing gross fission products—cost: $14%4-million—and new physics of solid 
state building, both at Oak Ridge. 


Federal atomic energy agencies in eight European nations have formed the 
Nuclear European Atomic Society with Sir John Cockcroft of Britain as president and 
Society Gunnar Randers of Norway as executive vice president. In addition to holding 

meetings and sponsoring publications, the group is already planning standardiza- 

tion activities and will sponsor research. 


Rockies Electric power and other industries in the Rocky Mountain area are making 
Study Team plans to contract with the AEC for a new nuclear power study team. 
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AEC 
Budget 


Nuclear 
Aircraft 


Revision 
of Law 


LATE NEWS (Continued) 


Total AEC ’55 budget sent to the President by Congress is $1.2-billion with $1.1 
billion for operations and $0.1-billion for plant and equipment. Operating ex- 
penses include $1.8-million for physical research and $0.4-million for biology 
and medicine. 


The Navy is now in the slow-paced race for a nuclear-propelled aircraft. Navy 
Bureau of Aeronautics has let contracts to Consolidated Vultee and Glenn L. 
Martin to research on seaplane frames suitable for nuclear-powered flight. Air 
Force program is now oriented on long-range schedule, away from concept of 
merely trying to get something into the air. 


Rural electrification administration is considering a study of feasibility of atomic 
power plants for farm electric systems. Idea is to see whether a nuclear power 
plant could be adapted to rural load requirements on an economic basis. The 
Senate urged the study and tentatively earmarked $20,000 to finance it during 
the next fiscal year. 

. 


Down the home stretch the big revisions in the Atomic Energy Act are racing 
against time. With Congressional adjournment now tentatively set for around 
July 31, the long, complicated measure must still clear both houses of Congress. 

Backers of the bill, with fingers crossed, predict success, but admit either of 
two issues could upset the chances of passage. Potential traps are: (1) The 
Oppenheimer security-risk case. (2) The AEC-Tennessee Valley Authority 
electric power purchase contracts. 

Neither of these have a vital bearing on crucial language in the measure, main 
purposes of which are to encourage industrial development of atomic power and 
permit exchange of information and nuclear material with our allies. However, 
because of the wide public interest and politics involved in these two issues, 
opponents of the measure could use them to divert attention from the main pur- 
poses of the bill and tie up a final vote. 

As the Joint Congressional Committee on Atomic Energy went into their last 
series of closed sessions on the measure a mood of compromise was evident. Still 
to be threshed out as NucLEonics went to press were several of the provisions in 
the general licensing section of the bill. 

Compromises on controversial sections of the bill were shaping up along these 
lines: 

1, AEC organization—The Chairman would be spokesman and preside at 
meetings of the commission, but otherwise have no authority beyond that shared 
with the four other members. 

2. Patents—Compulsory licensing for basic patents in the atomic power field 
seemed assured for a limited time and on a carefully prescribed basis. 

3. AEC information—The committee was ready to drop proposed fines aimed 
at publishers, reporters and others for relaying atomic information that might 
possibly be restricted. 

4. Foreign exchange—The committee appeared satisfied with the criteria set 
out in earlier versions of the bill for sharing information and nuclear material 
with friendly foreign nations. Passage of this part of bill is of real significance to 
U. S.-Belgium relations. Agreement by which we get uranium from them is up 
for extension this year. (In addition to enriched fissionable materials, the 
Belgians would like access to U. S. pressurized water reactor technology to pre- 
pare them for a second reactor they are planning. ) 

5. Licensing—Provisions for licensing of industrial firms will probably be 
spelled out to require AEC to guard against development of monopoly in issuance 
of licenses. 
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Jerome D. Luntz, Editor 


Adspice, Respice, Prospice 


|’ ADDITION TO BEING FUN, crystal ball gazing 
frequently facilitates our setting our sights on 
the future. It is with this in mind that we are 
publishing the historical letter on pgs. 8-10. 
Written in 1944, the letter contains many pre- 
More 


interesting, however, are those predictions that 


dictions that have already been realized. 


are yet to be proven true but may well be. To 
place his letter in better present-day perspective, 
the author—Zay Jeffries—has passed on the 
following thoughts: 

“The surface of the nucleonics field has barely 
been scratched. We are now witnessing the 
early beginnings of a tidal wave of nucleonic 
activity, the future velocity and extent of which 
Suffice it to say that the 
tempo will be fast in comparison with other 


no one can predict. 


great historical movements, the extent will be 
vast, it will be unbelievably complex and the 
duration will be determined by the life of civiliza- 
tion itself. 

* Will nucleonics shorten the life of our civiliza- 
The Constitution of the 


United States was not the result of a happy 


tion? I believe not. 


inspiration. It represented the concentrated 
wisdom of our founding fathers gained by living 
knotty 


We are now living in the midst of 


for decades with problems requiring 
resolution. 
another group of knotty problems created in part 
If the world will 


work for 


by the advent of nucleoniecs. 
concentrate on making nucleonics 
civilization, it will in due course be apparent that 
a new tool for solving man’s probiems has been 
created. 

“Will the present and coming generations be 
equal to the challenge? I believe they will 
again not by any happy inspiration but by living 
intimately with the problems and forging out the 
right answers on the anvil of experience. No 
one will suggest that this is an easy task. It is, 
however, a necessary one and man has a long 
record of solving the problems incident to his 
survival.” 


AS iF TO BEAR Mr. Jeffries out, the Atomic 
Energy Commission came out last month 
with a very optimistic long-range view of the 
impact of atomic energy upon our economy. 
Because its analysis is based on a hard look into 
its crystal ball and because it is the most authori- 


tative crystal ball viewer in the world, we present 
here, in detail, a summary of AEC’s predictions. 

AEC first says that the probability of achiev- 
ing 4-7 mill/kwh nuclear power is good. On 


this basis, it says ‘‘a variety of economic and 
which 
may be striking individually and all of which 


would be These 


social benefits’? will result, “some of 


significant taken together.”’ 
benefits are: 

**Nuclear power may help make it possible to 
undertake large new industrial activities at sites 
that would otherwise be uneconomic in the face 
of punishing transportation charges or the absence 
of transport facilities for conventional fuels 

“It may provide an economic solution to the 
problem ot providing additional cheap electric 
energy in locations where the demand is expected 
to outrun the availability of hydroelectric power 
and fossil fuels are lacking. 

‘It may permit and perhaps encourage the 
development of stratetically decentralized areas 
of industrial production requiring low-cost 
electric energy. 

‘It may provide blocks of electric energy for 
government and military installations where the 
cost of power Is important, but not controlling 
in site selection. 

“It may help electric utility systems in metro- 
politan areas to adjust to such limiting factors as 
rail transportation and smoke nuisance arising 
from a major increase in electric energy genera- 
tion from coal. 

“Tt may contribute in some measure to the 
introduction of new production techniques in 
electroprocess industries. 

“Tt may become technically feasible and 
economic for commercial propulsion purposes, 
such as for powering merchant ships. 

“It will take on increasing importance as a 
strong force both in holding down energy costs as 
exhaustible resources are used up and in assuring 
the availability of fuel for continued economic 
growth. 

“Tt may stimulate consumption of electricity 
beyond present projections and accelerate the 
trend toward using a larger portion of our energy 
in the form of electricity. 

** A sound basis will be established for assisting 
other nations in applying nuclear power for 
economic development.” 





* 
Suc et- 
at obtwining in 


@ ideas may be of some help in shaping 
lanes for the future. 


Sincerely yours, 


ae 


In the turmoil of the wartime atomic bomb project, a consultant of the Man- 
hattan District took time out to write this then-secret prophetic letter on the 
peacetime potential of the atom. On this 10th anniversary of the writing 
of this letter, NUCLEONICS is publishing it both for historical interest and to 
provide perspective for the future. Marginal notes are editor's comments 
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Zay Jeffries entered the atomic energy field in 1943 as 
special adviser to Arthur H. Compton, director of Metal- 


lurgical Project of Manhattan District. 


During the war, 


he also served the National Research Council as vice 
chairman of the War Metallurgy Committee and as 
chairman of the Metals Conservation and Substitution 
Group of the advisory board on metals and minerals. 
From 1945 to 1949, Dr. Jeffries, who is now retired, was 
vice president in charge of the General Electric chemistry 


department. 
Works 
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He still is a consultant for AEC’s Hanford 


determination of the level of a precipitate mn 


a vessel which is closed and opaque. If the 
precipitate cont ined tagged atoms the con- 


hori 


wit! 


centration of these atoms ino various 


zontal planes could) be determined 


Geiger counters. Another possibility is the 
automatic control of various processes based 
on the Geiger count. 

The field of 


cCleonices will he 


instruments relating to nu- 


The 


instruments in this field is, perhaps, greate: 


very large. need for 
than that of any other so far uncovered 
There will also be required a most intensive 
The most economic shield 
the lightest 
the 


study of shields. 
will be required for some uses, 
shield will be required for others, and 
shield occupying the least volume will be re- 
The shield 


problem will have to be broken down into the 


quired in still other applications. 


alpha, beta and Paria radiation efficiencies 


as well as for neutrons. Not only will shield- 


ing materials have to be intensively studied, 
but shields will have to be engineered as well 
In the future there will be need for 


large piles and small piles, for low-tempera- 


} 


ture piles and for high-temperature piles, for 


high-output piles and for low-output piles 


There will be need for the dissipation of a 


maximum amount ob; energy in miinimun 


space 


Consumption ot the chain-react- 


material may vary all the wav from a 


ng 
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minute fraction of a second to hundreds of 
years. It is likely that many combinations 
of these rates of consumption will be found 
useful in the longer future 

It would seem at the moment that the piles 
would be the logical devices lor the making 
of artificial radioactive substances in quan- 
tity and at relatively low cost. It would 


also seem that the 


logical dey ice 


While there 


the moment 


pile is the 
for the development of power. 
can be very little question at 
about the widespread use of artificial radio- 
active substances for experimentation and 
utilization, there may be more question about 
the ultimate use of piles lor power, It seems 
to me that at this stage we should err on the 
side of optimism in connection with the fu- 
ture use of piles for power. 

the value of power is not a fixed thing, 
and it may be that many uses will be found 
lo pile power in which the over-all cost of the 
On the 


that 


is not the controlling factor. 
hand, 
the cost of pile power is necessarily going 


to be high 


powel 


other we should not conclude 
us compared with other power 
SOUrces 

The pile is a device, however, which may 
produce at least three things of value to man- 
kind: (a) Artificial radioactive elements; (b) 
Power or energy; and, (¢) New products such 
as 49 or 23*,. If all three of these things are 


useful, then it would seem that the pile may 





hecome a device so important that nothing 
will be able to compete with it. / 

Let us consider some aspects ol the power) 
situation. It might be possible to put in 
power plants in the far north or in desert 
to de- 
he 


and 


adjacent mineral 


Other 


CLIOns 


Important 
sources of power might 


these 


posits. 


wactically unavailable in areas 





| 
piles might make it possible, therefore, to 
mankind, 


gain added mineral tor 


While 


mh ide avallable lol man's use, one o1 both ol 


these mineral resources were being 
the other by produ ts might also be produced 
which could have the result of making the 
entire operation very economical, 

Another possibility is the use of the pile to 


make desert or semi-arid land highly pro- 





ductive by using the power to provide water 
for urigation purposes " 

There is, of course, the possibility of de- 
veloping power plants for naval vessels and, 
eventually, for other uses. These questions 
are already under discussion and need not be 
elaborated upon here. 

In connection with the production of end 
10), 


now foresee the ultimate possibilities . . . it 


products such as felement no one can 


would seem wise at this time to err on the 


‘numbers were wartime designations 


ctu 4 
maine, 


ib 


a 
re 


RE 
ate 


PRET 


Wa 
& 


ee 
au 
wv 
— 





optimistic sid 


products If 


then it may 
value on the 
The erie 
to have thei 
of these appl 
with piles 
velop or 
some time 


the lines of 


at locations cor 


of high dens 
of the West ¢ 
relief fora 
that region 
desert count 
dous detonat 
he that hea 
sibly othe 
tional 
prst 
would by 
| 


be no danger 


tions ldlot 


witer mig 
future, bu 
determin 
Lol the pile 
f It seem 


properties 





desirable 
metal ss 
The ey 
do in gainn 
scientists to 
should be 
the structure 


In Connector 


When this 
sweeping pre 
experimente! 
tainable on 
TI e niatior 
nucleonics 
reach this o 
tions Phe 
trons ave 


nucleonies 1 


which, intent 
mes or taiw 
development 
If tl 
screntify 
cleonies, 
other « 
military 
of vital 





established 


\ governmenta 





advance in the 


United States 


The broad objectives, in my opinion, 
should be 
1. To stimulate widespread 1 irch in nu- 
cleonics in the United States 
2. To encourage the dey pment of the 
nucleonics industry in » United States 
ind other 


nics in such 


itional 
security 
While the 
complishm 
now be ob 
pected to 


experrence 





enterp 
government le 
lactors in the 


end prod cts 1 
that of g 


one Tay 
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Such 
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as competitis 
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LMFR ( (Il) power reactor systems... 





Radioactive 

gas storage 

voc 
7h) Pump a 

Bi-U*~" and 

Fission products | Xenon 

| trap 
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Bi-Th, Bid 
Blanket 


, Dianket 








[ Bi-Po F- sti 


| Po 
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Po ] Steam plant 


— Graphite 
moderotor 








CORE, HEAT EXCHANGER, STEAM POWER GENERATOR, PROCESSING SYSTEMS are 


shown schematically for an LMFR. 
metal fuel flowing through it. 


raises fuel temperature. 


Fuel is solution of fissionable U" 
Shape and size (about 5 ft in diameter) allow chain reaction to occur. 
Fuel, pumped through heat exchangers, transfers its heat to 


Core is a graphite moderator structure with liquid- 


) in molten bismuth. 
Fission energy 


liquid sodium, then boiling water; cooled fuel is pumped back into bottom of core. 


Steam flows to turbogenerator; sodium provides superheat, reheat. 
Integral processing systems: pass sparge gas through fuel to remove 


is over 35°}. 


Thermal efficiency 


gaseous fission products and Po; remove solid fission products from fuel with fused 
salts; remove fissionable material bred in thorium-containing blanket 


give these advantages: 


® High specific power 


® High-temperature operation and 
thus high thermodynamic effi- 
ciency, but without high pres- 
sures in the reactor 


® Good enough neutron economy 
to give some breeding with re- 
sulting low fuel costs 


® Relatively simple construction 
® Easy fuel handling by pumping 


@ Cheap chemical processing to 
remove fission products, inte- 
grated into reactor design 


@ Lack of radiation damage to 
liquid-metal fuel 


® Unlimited burn-up of fuel (two 
preceding items) 


® Removal of relatively fresh fis- 
sion products in concentrated 
form. This may allow reduc- 
tion of exclusion area. Fission 
products may be useful by- 
products, are at worst easily 
stored wastes 


Liquid Metal Fuel Reactor 
Systems for Power 


WILLIAMS and F. T. MILES 


By C. 
\ Bre 


\ uo Ky yine ng De partme nf, 





cs is publishing this 
articles on LMFR 


hecause of its technical 


it as the 


Seren 
it because most 
sive study of power re- 
m factors available to 


Y 


The Editors 
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National Labo pton, Veu 


wkhaven 


the Brookhaven 


engine ering 


A FEW YEARS AGO 
Nucleat 
started a search for 
that 
promise fot development of « heap elec- 


A reactor 


that would use a liqquid-metal solution 


Department 
reactor components 
eatest 


would give the ga ultimate 


tric power from fission heat. 


or dispersion of | as fuel and that 


breed the | 


appeared to have many 


would from thorium 


desirable fea- 


York 


tures. Such oa liquid metal-fuel  re- 
actor, or LMFR, might have 
capital costs per kilowatt and such low 


such low 


powel 


operating costs that the electric 
would be produced at a price competi- 
tive with conventional fuels. 

Jecuuse the LMIFR concept includes 
unconventional materials and processes 
which rience 1s 


on engineering CNX} 


lacking, a number of problems must be 
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TWO POSSIBLE LMFR POWER SYSTEMS 


These drawings illustrate two of 
many possible design concepts 


for LMFR power reactors operat- 


- 


ing in the range of 500 Mw heat 


or 150 Mw electricity 


1 
+ 


+I 


juid metal | 
EXTERNAL COOLING of fuel ction header | 
heat 
Breeding blanket shown 


core provides power to drive 
turbogenerator. 
is not Th,Bi, slurry but alternate slurry of 
thorium fluoride in heavy water, cooled by 


own external heat exchanger 


~ 


qu 


7) 3,000 gal / mir 


riable-speed 
drive 


FUEL STAYS INSIDE reactor in this de 


sign, cutting down fissionable-mater ic 


inventory. Sufficient fuel concentration 


achieved with dispersion of an_ inte 


metallic compound of uranium and 
U-Sn,, in liquid lead-bismuth-tin 
persion is held in of graphite 


double-walled tube (only one shown) dip 


annulus 
ping into core and surrounded by coolant 
Liquid Bi containing dispersed Th. Bi 


tions both as core coolant and as blanket 
Fertile 


sot ex 


func 


Breeding occurs in both places 
coolant is circulated to external he 


changer. Desirable mechanical feature is 


box 


Heb 


rei 4 Cc 


k 
F 
e) 
i 
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outside 
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Saturated 600 steam 
to superheoter 


Sodium inlet 


and outlet 


ye 
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dischor ect 
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( 
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singie stee 


that all materials are held in 
pot filled with graphite structure channeled 
ch as 


to take coolant, fuel, components 


pump impellers and heat exchange 


3-->No to superheoter 
and reheoter 


Reheot and superheot 
tb liquid meta! pumps 


Boiler bundle 
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Processed D(-ThF, 
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torch extractor 
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ne 
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Coolant 


y" Fuel 


i 
2 return 


: 


{ 


rs 
Fuel 
supply 


Header 
pickup 


Screw 
i 


lay 
Beveled ”A__ 
spacer — 
shoulder 4 } 7 1 
support Coolant 
port 


Dead space 
3 feet 


Blanket 
3 feet 


Core 
10 feet 
Fuel 
collecting 
r ng 








Blanket 
Beveled 3 feet 
spacer 
shoulder 


support 


Y 
Coolant port 


Ki 


Dead space 


} 6 feet 
Hexagonal 
spocer 


3 DOUBLE-WALLED FUEL TUBE can hold 

fuel in core as in 2, or thorium-carrying 
lf latter, U-Bi solu- 
tion fuel is circulated to external heat ex- 


dispersion in blanket. 


changers, cools both core and tubes in 


blanket 
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solved before the first large pilot. re- 
Then 
operating experience will be needed to 
the 


actor can be designed pilot 


choose most economical plant 
design. 

This article summarizes the present 
status of LMEFR 
already solved and those to be solved 


Details are 


listing the problems 


viven mn the following SIX 


articles. 


Fuel Selection 

The first problem is selection of a 
suitable fuel. Solutions of uranium in 
bismuth were suggested by Halban and 
1941. Bis- 


cross section 


Kowarski as far back as 
muth has a suitably low 
and liquid metals in general are ex- 
pected to be completely free from radi- 
Solubilitv. has been 
»%U in 


This is more than ample 


ation damage 


measured (see p. 14) as about ! 
Biat 500°C. 
for a chain reaction i 
LMIFR fuels 
600-1000 


an enriched-fuel 


reactor: considered here 


consist of ppm U in Bi, a 
dilution that gives high specific power 


and contributes to reactor efficiencs 


Container Materials 

Graphite appears to be satisfactory 
in contact with Bi-U so that the moder- 
ator in the core need not be elad. Sut 
heat-exchanger 


a metal is needed for 


tubes and probably lor the 
Mass transte 


outel 


cone 
tainer, is the problem 
“us if Was in development of the mercury 
boiler and turbine A similar solution, 


use of inhibitors, has proved = satis- 


factory with bismuth 
Corrosion experiments described) in 
20 and 40 give 


confidence that U-Bi solutions with in- 


the articles on pages 


hibitors can be circulated in commer- 


Clally available allovs Possible con- 
tuiners for operation above 600° © are 


being studied. 


Chemical Processing 
The most 
LMEFR- is 


processing 


Important feature ol 
( hemi al 


the 


integration ol 
the 


long run, maximum operating economy 


with reacton In 


is thus achieved. Several different 
processes act on the U-Bi fuel. 

First, after each passage through the 
core—-about every 15 sece—the fuel 
stream is sparged with an inert gas that 
removes guseous fission products espe- 
cially I or Xe The 
pumped through a trap which might 
well serve as a gamma-ray source, to : 
storage tank, then back 


bismuth probably will distill 


some 


into the fuel. 


this 
formed by 
Although separated Po 
able material, Po dissolved in Bi poses 
hazard than the 
The distilled Bi and Po 
could be remelted and returned to the 


polonium 
with it. 


off in gas 


carrying 
neutron capture 
is an undesir- 
no greater fission 
products. 
fuel. If desired, byproduct Po could 
be separated by fractional distillation; 
its value should pay for any additional 
precautions it demands, 

A more 
cycle is extraction of rare-earth fission- 


important fuel processing 


products from the liquid-metal fuel, by 
Ura- 


contacting it with a fused salt 
nium is left in the Bi solution 
Research has proceeded along two 
main lines. First, the thermodynamics 
have been used to explain the theory of 
the 


experiments performed to check critical 


This ip pronc h, and 


the process, 


points, is described on page 16 Sec- 
ond, circulating loops in which fuels are 
salts been 


De- 


contacted with fused have 


built to obtain engineering data. 
tails are given on page 20 

Some difficulties have been encoun- 
tered; thev do not 


ibpypeas Ubhistir- 


mountable. 


Breeder Blanket 
Nuclear power fuel costs will be low 


only if natural uranium thorium 
rather than previously separated [ 

U*5, or plutonium, is used. In other 
words, the fuel must be replenished by 


In LMIFR this is done in a 
breeder blanket that surrounds the core 


breeding. 


and captures excess neutrons leaking 
out from the chain reaction in the core 
The blanket 


moderator pierced by 


consists ol graphite 


tubes holding 
fertile thorium, as thorium bismuthide 


Th Bi 


some 


), dispersed in liquid bismuth 
heat the 
blanket; this is removed by circulating 
heat 


will he produced in 


to an external exchanger or, as 
shown on p. 12, by bypassing some fuel 
through the blanket Details of the 
blanket are discussed in the articles on 
pages 14, 16, 


In one | roposed Process the blanket 


and 26, 
material would be pumped to a 
and diluted 


temperature so that all 


pro - 
essing plant with enough 
Bi at 
ThsBi 


tion Pa 


high 
would vo comple telv into solu- 


and U 


capture would be reno) ed bya 


neutron 
li- 


formed b 
Thien 
fied fused-salt extraction; U would be 
separated in a hold-up tank and then 
stored for fuel makeup or sale 

An alternate 
thorium fluoride is dese: 


blanket svstem using 


hedon page 26 
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U-Bi solution and . . . Intermetallic compound dispersions in U-Th-Pb-Bi-Sn 
systems can be used for 


. . . Liquid-Metal Fuels and 
Breeder Blankets 


By R. J. TEITEL, D. H. GURINSKY, and J. S. BRYNER 
\ } /) I } n Natior l 
] \ 


LIQUID-METAL REACTO 
Ing svstems having rensol 
points can be obtains 
low-melting-point diluent t g | | ispended in liquid lead- — the 
melting thorium and uw 
tron cross section is. the 
sideration in choosing dilt 
Secause bismuth, leas 
both low melting point 
sections, allovs and dispersio! these ted that tl held little promise of i function of temperature o1 
metals were investigate . r tabled ersions ‘ ( it! | ] en though the solub 


LMEFR fuel and breec te effort expended bevond the surve nucle lations sl} it a 
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erly designed reactor can utilize this 
solution as fuel. Solubility limits need 
not be exceeded to obtain a feasible 
temperature cycle at concentrations of 
600—-1,000 parts per million. 

In general, the solution’s properties 
are similar to those of bismuth. How- 
ever, the chemical activity of uranium 
requires extra precautions to prevent 
loss of uranium through oxidation or 


other reactions. 


U-Pb-Bi-Sn Dispersions 


Intermetallic compound dispersions 
are formed when solubility limits of U 
or Th 


Some possible liquid-metal dispersions 


ire exceeded in Bi-Pb-Sn alloys. 
found from phase diagrams of these 
are compiled in the table on 
this page 


svstems 
Properties pertinent — to 
reactor application are also listed. 

The U;Bi 
persed in Bi or Pb-Bi alloys containing 
Pb. This 


compound is pyrophorie when exposed 


compound ean be dis- 


up to SOG intermetallic 
making it difficult to determine 
The 


is based on its crystal 


to al 
its density by direct experiment. 
Value yiven 
neutron 


structure as determined by 


diffraction. Density is greater for the 
solid than for the liquid, and some set- 
tling should occur in dilute dispersions. 

Addition of lead decreases the solu- 
bilitv. of uranium. 
100° C. 0.20% U 
miv 0.013‘ 


For example, at 
is soluble in Bi, while 
dissolves in the Pb-Bi 
thle indicates that a wide selee- 


freezing points is possible. 
stem might be considered either 


fuel or for a plutonium breede1 


compound, 
Bi-Pb 


below 


intermetallic 

in equilibrium with 
containing SO-989% Pb 
600 Like U,;Bis, it is pyrophoriec. 
sity was also obtained from its 
ilstructure. This dispersion may 
ful where applications require 
concentrations of uranium than 
tilable in the U,Bi; dispersion, 
intermetallic compound USn 
ently stable in many Bi-Pb-Sn 
Its density is close to that of 
bismuth-rich low-melting 
Not as pyrophoric as the other 
compounds, its density and 
The 


atoms on 


unit 
the 
with tin 
Hardness 
ipproximates that of pure iron. 
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are well known. 
iins uranium 
lattice 


ing the cube’s faces. 


Pe | eubie 


Choice of dispersions in this alloy 
system depends upon reactor design 
The density of USns; 
is matched by liquid metals containing 
3-5% 10% Bi, the re- 
mainder Freezing points down 
to 95° C 
around the ternary eutectic composi- 


requirements. 
Sn, 35 and 
Pb. 
are attainable in compositions 
tion. The examples in the table illus- 
trate these extremes. 
Nuclear 


lower tin 


the 
capture Cross 
than that of 
Furthermore, be- 


considerations favor 


content; the 
section of tin is higher 


lead. 


cause of the high capture cross section 


bismuth o1 


of tin, consideration of these disper- 

sions for breeders producing plutonium 

is doubtful. 
Use of USn, as a fuel has been pro- 


posed in a reactor design where the 
fuel is held stationary and a separate 
heat. This 


uranium 


coolant removes fission 
higher 


those 


application requires 


concentrations than attained 


in solution-type fuel 


Th-Bi-Pb Dispersions 

Another group of intermetallic com- 
pound dispersions were found in the 
Th-Bi the Th-Bi-Pb 
These systems are not known 
pletely, but it definitely 
established that a compound having 
10% Th (probably ThsBi 
librium with most of the Bi and Bi-Pb 


and systems. 
com- 
has been 
is in equi- 
alloys. This compound’s density does 
not differ greatly from those of Bi and 
Pb-Bi alloys. 


from 273° to 125° C 


Freezing points range 


These dispersions have been pro- 
posed for use in two reactor designs. 
One calls for a thorium dispersion that 
both as a 
blanket; the 
dispersion in a 


blanket (see p. 12). 


and as a 
the 
external 


is used coolant 


mobile other uses 


stationary 


Maximum Concentrations 


Viscosity limitations determine the 
maximum concentration of U or Th 
in these dispersions. It is generally 
that 


about 


assumed dispersions containing 


25% solids by volume 


Above this 


rises sharply. 


below 
concentra- 
This 


cent 


move easily. 
tion, viscosity 
knee in viscosity vs volume pet 
solids shifts somewhat depending on 
particle size, shape, and distribution. 
On the basis of the 25° limitation, 
10% Th or U 


concentration for svstems in- which 
Th;Bi; or U,Bis are 


about is the maximum 


the compounds 
used. 


Four Ways to Prepare 
Intermetallic 
Compound Dispersions 


The dispersions discussed in this 
article can be prepared on a labora- 
tory scale by four methods: 


1 DIRECT PREPARATION. All of 
these dispersions can be made by 
heating the constituents in a graphite 
crucible to 1,200° C for an hour and 
then cooling. Particle size and shape 
depend on alloy composition and 
mode of precipitation. The com- 
pounds U,;Bi;, and Th,Bi; precipitate 
from solution as platelets; the com- 
pounds USn; and UBi, as equiaxed 
particles. In general, the higher the 
concentration the greater the platelet 
thicknesses and the larger the equi- 
axed-particle diameters. 


2 EXFOLIATION. If chips of Th or U 

are added to the molten low- 
melting alloy at a low temperature, 
they react and the product exfoliates 
away. Size and shape of particles 
produced depend on reaction temper- 
ature. For example, when Th chips 
react with Bi at 500° C, particles are 
equiaxed and have diameters of 
about 30-40 microns. At higher tem- 
peratures, particle size would be 
larger. 


HYDRIDE DECOMPOSITION. §An- 

other method for controlling size 
and shape of particles is to add finely 
powdered U or Th to the liquid-metal 
bath under a protective atmosphere 
at low temperature. Powdered U or 
Th can be produced from the hydride. 
Technique is to form hydride that 
exfoliates away from the solid or 
forms a brittle mass that can be 
crushed into a fine powder. Hydride 
is then decomposed at low temper- 
ature, leaving finely divided U or Th. 
This method is particularly suitable 
for U. Particle size of U prepared 
from hydride is about | micron; that 
of intermetallic compound, about 3 
microns. If uranium hydride is added 
directly to molten metal, compound is 
so finely divided that it is beyond 
microscopic resolution. 


4 ELECTROLYSIS. A fused salt con- 
taining U or Th is electrolyzed 


into a molten-alloy cathode. This 
method is being studied; finely 
divided dispersions should be 
producible. 
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LMER (| |) Parr in 


Fused Salts for Removing 
Fission Products from U-Bi Fuels 


Experiments indicate feasibility of extracting fission products from LMFR's 
uranium-bismuth fuel solution by treating it with a fused salt. Theories 
involving known properties of rare-earth compounds substantiate experiment 





By D. W. BAREIS, * R. H. WISWALL, Jr., and W. E. WINSCHE? 
Nuclea Enq nee ng Depa {? ’ Brookha Va } Lahoratory, t pton, 


BROoOKHAVEN'’s “LMEFR” reactor de mains in the metal phase. Valu 


sign Calls for extraction of fission prod listributio oefficients, and how 
ucts from a solution of uraniut Th PIs I d by changes in salt- and obsent ‘present 
muth by treatment with fuse ' é phase compositions, and : 


This article deseribes experi nts that il sare discussed, 





substantiate the feasibilit ols hat ir quantitative agreement betwee! 








extraction process and interprets 1 ileal € xperiment is demonstrated 
reting the data as being based FIG. 1. Distribution of rare earths between 


sults In terms of known 
liquid bismuth and fused salt mix 


COMpounas involved I e | vy pothesis that a process 


Rare-earth metals dissolve puid he il reaction (rather than so 
is involved. Partition of nl idiated with thermal neutrons 


itions Of uranium that 


bismuth can be extracted ne 
titatively by equilib iting the t muti iilous elements between sft ni iT hese allovs were equilibrated 
with a fused KCI-LIC!] mixture a 5 meta = xplained maint! In tern mixtures such as LiCl-KCl1 or 
C, while uranium in suel tem re tability of their halides. 


Background. [arly studies 


that iquid-liquid extrac 


been shown 





ivantageous method f¢ 
\ fused salt 


extracting 


Various Salts’ Free Energy 
of Formation at 500° K* 


almost zero mit 


CsCl , j ; ‘ 
neg - : ietind far oeael ward uranium- PROCEDURES AND RESULTS 
Bat} 

srC'l 

Lait'l 

NaC] 

CaCl 

Lal | 

¥Cl 

PucCl 

VMeC! 


SeC] 


The elements used 


UC 
rhe) 
UCI, 
. Values for ut 


ref. (6); for plutoniut 


for all others 
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Three different 


series 


pres¢ nee of 


uranium, 


elements were used in each 


lanthanum, cerium and praseodymium 
was 


ind the concentration of each 


varied over a wide range. In no case 
did the equilibrium concentrations of 
solute species in salt and metal phases 
exhibit a constant ratio. However, a 
certain 

Wit] 


line conforms to lanthanum data; it 


regularity was apparent (Fig. 1). 


uranium absent, the straight 


also represents cerium and praseodym- 
m points pretty well, as might be ex- 
from the chemical similarity 

t] The line’s 


ese 


elements. 
that is 


s just '4; 
cone, in salt)! 
constant 
one, in metal 
In systems containing both uranium 
a rare earth, the distributions were 
lifferent. The lower set of points 
through which the curved line 
present the data. Uranium 
experiments distributed itself 
earth, between salt and metal 
uit where rare earth favored 
ise, Uranium remained pre- 
ntlvinbismuth. The quantity 
tance is the separation factor 


] 


th in salt rare earth in metal 


nsalt) uranium in metal 


f this quantity vielded by ex- 


that gave rare-earth distri- 


lotted in Fig. 1 were of the 

10) 

listribution of a few elements 

in rare earths was determined 
ir conditions. Semiquan- 

results obtained showed that 
ind) polonium remained al- 


Plu- 


as found in both, but favored 


in the metal phase, 


barium and 


into the salt. 


neodymium 
Addition of 
netal to the svstem made the 
ise retain both uranium and 


ths quantitatively, 


Fourth-Power Relation 
it in we 


t ss | 


| known that a fused salt can 
vent for metals. Solubility 


] 


e quite large for a metal dissolv- 


ts own fused halide. Smaller 


significant, solubilities have 
easured in systems of a salt equi- 
th «a foreign metal. 
ubilitv of cadmium in manga- 
If in 


vstems metal were present, not 


oride is an example (2). 


sure state but as a dilute solu- 


ion nother metal such as bismuth, 
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it should distribute itself between metal 
and salt phases according to Nernst’s 

first 
concentrations 


distribution law. To a 
the 
should be independent of concentra- 


approxi- 
mation, ratio of 
tion. Clearly this is not so for distri- 
butions shown in Fig. 1. 

The relation could be explained in 
terms of Nernst’s law only by postu- 
lating that the solute undergoes asso- 
clation in one of the phases; i.e., in this 
case, that a tetramer forms in the metal 
phase. A more likely explanation is 
that we have an example of that class 
of reactions known as “slagging.”’ 

In the typical slagging operation, a 
molten salt or oxide mixture reacts with 
constituents 


and extracts undesirable 


of a metal melt. If, for example, chro- 
mium and manganese are to be removed 
from molten iron, a slag containing 
iron oxide is used; an exchange of oxy- 
gen occurs, and the chromium and 
manganese oxides go into the slag. 

In a similar way, bismuth is purified 
of all base-metal impurities by a selec- 
tive chlorination. 

At first glance 


would seem possible in transfer of rare 


no such mechanism 
earths from bismuth to fused LiCl-KC] 
eutectic. The free energy of formation 
of these salts is verv much more nega- 
tive than that of anv rare-earth chlo- 
ride, so the equilibrium position of any 
such reaction as 


3 aC! + La = 3 Li LaCl 2) 


\ numerical caleu- 
lation, that 
rare-earth metal can be oxidized nearly 
due to the 


to the left 


howey cr, 


is far 
shows traces of 
completely by pure LiCl 
mass-action effect 

in these 


Given concentrations used 


experiments, the results are not incon- 
sistent with such a chlorination mech- 
dependence of 


anism. Furthermore 


distribution ratio on concentration is 


just what the analysis predicts. Equi- 


librium constant for Eq. 2’s reaction is 
K [LaCl,}[Li Lal/Lic] 3 


where bracketed equi- 
librium 


the system. 


quantities are 
thermodynamic activities in 
Thev are the same, for 


each species, in both salt and metal 


phases, if the pure substance is taken 
as the standard state for each. 

Since the system was formed by mix- 
ing pure LiCl and La, components on 
the right side of hq 2 must be present 


in stoichiometric proportion 
Ny 3 Nise 


I 


where \ is total moles of a species, 


Let it be assumed that each salt com- 
ponent of the system is insoluble in the 
metal phase but forms an ideal solu- 
tion in the salt phase, while each metal- 
lic component is Insoluble in salt) but 
the 


Then activity of a component 


forms an ideal solution in metal 
phase. 
is equal to its mole fraction in the phase 


in which it is soluble; for example 
{Li X vil 
where term on right denotes mole frac- 
tion of lithium in metal phase and ts 
Nw Vii Naw 
where \ y is total number of moles of 
Similar relations 
\Mak- 


ing use of them and of Eqs. 3 and 4, we 


metal in the system, 
apply to the other components. 


mav write the equilibrium constant as 


Vs x 
Via? Nova XN 


kK 27 


Since lithium chloride is present in 
over other reactants, its 
fraction, Ns pie. Is 
Total quantities of salt and 


great @XCess 


mole practically 
constant, 
metal, Vs 


so that this equation predi ts a fourth- 


and Ny, are also constant 
power relationship between the quan- 
tities of lanthanum present in the com- 
This 


relationship is just what was found in 


bined form and as the element 


experiments and is shown by Eq. 1. 


Slagging Hypothesis 
We must 
tent the form of Eq. 5 depends on the 


now consider to what ex- 
approximations used, and whether they 
ure plausible. 
Assumption of negligible mutual 
solubility of metals and salts Is essen- 
tial. If the 


salt phase had arrived there by simple 


much of anv element in 


solution, this fraction would bear a con- 
stant ratio to the concentration in the 
metal phase and the fourth-power rela- 
tion would be disrupted to that extent. 

Generally, even pure metals dissolve 
but little in salts, and it is unlikely that 
salt 
ponent trom 


any would extract a dilute com- 
Salts are 


so there is little 


an alloy e even 
less soluble in metals, 
doubt that 
when in the 


found almost entirely 


rare earths and uranium 
state 


in the bismuth 


metallic will be 
phase, and when combined as halides 
in the salt phase. 

tf assumed that 
Thus, the 


equation is valid only if the bismuth 


The derivation of kiq 


no side reactions occur. 
mw hich rare-earth metals are dissolved 
acts as 4a completely inert solvent Ix- 


tent of the reaction 
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Other Applications of Liquid Salt-Metal Systems 


Liquid salt-metal systems should 
be useful in nuclear engineering 
processes other than fission-prod- 
uct removal. The selectivity of the 
chlorination is such that two chemi- 
cally-similar elements can be clean- 
ly separated if the free energies 
of formation of their halides differ 
by even a few kilocalories. 

Under the assumptions made in 
connection with this article, the 
separation factor is numerically 
equal to the equilibrium constant 
of the reaction 


A+ BUA AC+ B 


and is, therefore, given by the ex- 
pression exp(—A/’, R77). Figure 2 
presents values of this function 
at three different temperatures. 
It is clear from this graph that, in 
most cases, a good separation will 
be obtainable from a single stage. 
If counter-eurrent contacting equip- 
ment can be devised for such sys- 
tems, almost any pair of elements 
should be separable. 

A continuously-processed breeder 
blanket would bea promising field in 
which to apply this principle. A 
blanket in which the bred material is 





——— 











FIG. 2. Equilibrium constant at 500, 750, 
and 1,000° K 


continuously separated from the fer- 
tile matrix has muchto recommend it. 

It should not be hard to sep- 
arate either plutonium or thorium in 
an appropriate salt-metal system. 
Work is in progress at Brookhaven 
on blanket formulations that lend 
themselves to this kind of treatment. 





Bi + 3 ici 


orders ol mug 


must be 


sponding ! 


than the corre 

solute element 
Inspection of the free ene 

mation of the two ehlor 

shows this to be the ense 

presents values 

these and other 

to BNL’s program 

for each is the free 

atom: it is this figur 

index of the salts stab 

number 

Iree energy 

K is + 2 

reaction, however 


The corresponding eq 


stants, as given by 


inert as fk 
] 
eerned 


reason 
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Theory vs. Experiment 


\ i equat Tl 


1) only 


calculation 

must take account of » chlorinating 
potentials of both. 

Many of the quantities in Eq. 8 must 

d= roughly Thus, close 

innot be expected, but 

magnitude culation is 

on’s term most sensitive 

is the equilibrium con- 

This is evaluated by Eq. 7, 

that of Eq. 2. 


n this AF 


i difference between two 


in this case 


One KILOCULOrI 


imental quantities) ch 


tem- 


mitted un- 
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) phase diagrams make it rea- 

sonable to assign this value to the y’s. 
The value of Vs Nyicy is 1.695, since 
ilt mixture was 59 mole % LiCl. 
latum also supplies numbers for 
LiCl], if the y’s are taken 

Ky can be calculated, like 

1 tabulated free energies of for- 

f chlorides; its value is 7.0 at 
The most crucial quantity, 
discussed above, is AF in Eq. 2. 
| available is 3.9 & 10! 
ror of 2-3 X 10% cal). 


al value for the right-hand 


st figure 


ean now be calculated. 


ind side can be considered 
vith the left-hand side of Kq. 
the fourth- 


experimental 


s is justified by 
ver dependence of the 
results. After applying a conversion 
tor in going from the ratio expressed 
e fractions to that expressed in 
Fig. 1), the result is 


sper hon 


La in salt)4 : 
10 
n bismuth 


observed value of 
If this dis- 
were due solely to an error in 
a.. 2, off by 


In view of approxima- 


mentally 


inti 3.9 K 10%. 
this would be 


ide and admitted inaccuracies 
shed tables, it is fair to say that 
ents do not conflict with theory. 

quantitative test of theory 
constants for 
This 


rors introduced by certain of 


ilate ratios of 


it solutes. ratio is 
imptions made about the sol- 
t. owing to cancellation of 
The caleulation deseribed for 
be re peated lor U. YIVINgG 


U in salt)‘ 
10-4 
n bismuth 


ffers from the lanthanum figure 
ut 10 
ranium is not known with preci- 


experimental value 
wing to difficulty of analysis at 
concentrations; but it is less 
10-2, so both this and the 
lanthanum-uranium ratio are in accord 
with theoretical values. 
e support for the slagging 
the effect of 
wdium on the distribution of less active 


Qualitatis 
ypothesis is given by 
ilutes. The observation that it causes 
rare-earth metals as well as uranium to 
he retained by bismuth is just what 
would be predicted. Addition of any 
kali metal should shift equilibrium 
of Eq. 2 to the left, according to the 
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relative free energies shown in the table. 
This table also suggests that the less 
stable chlorides, such as those of cad- 
mium, zine and beryllium, should chlo- 
into the 


in fact, the case. 


rinate uranium and bring it 
salt phase. This was, 


Extraction from Mixtures 
When two solute elements are 
ent together, each affects the distribu- 
tion of the other. If both U and La 
are added to a LiCl-metal system, two 


pres- 


reactions occur 


La + 3 Licl @ LaCl,; + 3 Li 
U + 3 Licl @ UCI; + 3 Li 
Neither will go as far toward 
completion as it would have alone. 

is difficult, but it 


reaction 
An exact analysis 
can be seen qualitatively that the La 
equilibrium, for example, will be notice- 
ably affected by addition of U when the 
amount of Li produced by the U reae- 
tion reaches the order of magnitude of 
that 
with 


whieh would be in equilibrium 


lanthanum alone. Product of 


uranium concentration and uranium 


equilibrium constant is involved; so, 
in spite of the great difference between 
lanthanum and uranium equilibrium 
constants, concentration of lanthanum 
in the salt can be diminished by a high 
uranium content in the metal. 

As the lanthanum-uranium ratio de- 
creases, so does the concentration in 


the salt, and the ratio 
salt to lanthanum In metal approaches 


lanthanum in 


In terms of the log- 


log plot, the points fall away 


a constant value. 
from the 
straight line of slope 1% and approach 
unit experimental 


a line of slope 


confirmation of this is seen in Fig. 1. 


Fission-Product Removal 
fare-earth elements were chosen for 
distribution experiments because rare 
earths, as a class, account for a large 
part of the total poisoning due to fission 
not the 


distributions 


products. However, they are 
only nonvolatile poisons; 
of several other species are of interest. 
If stability of halides is the main eri- 
terion, it should be possible to get good 
uranium 
and 1A, 2A, 
and 3 of the periodic table. This would 
take care of the great majority of poi- 
sons. Those that would not 
such as Rh! and Cd", are 
dant enough to require frequent proc- 
The they 


separation factors between 


all elements in columns 


extract, 
not abun- 
problem 


essing anyway. 


present cannot be ignored altogether, 
but it rates a relatively low priority. 


The salt system used in tracer experi- 
be suitable for use in 
the 
chlorination hypothesis is correct, then, 


ments will not 
reactor engineering. If selective 
for every rare-earth atom oxidized to 
the trichloride, three alkali metal atoms 
(mostly lithium) are formed, They go 
into the bismuth phase. Consequently, 
they 


effect on oa 


would have a serious poisoning 


reactor, Analysis has 
shown about the right amount of Li in 
the metal 

Another objection to the LiCl-KC] 
is that it is 


small amounts of oxidizing and reduc- 


system very sensitive to 


ing Impurities; a trace of one will oni- 


dize uranium, a trace of the other will 
prevent the oxidation of the rare earths 

What is required is a reactant of low 
cross-section, ina svstem having buffer 
that 


potential is not drastically 


CAPAcity ; is, one whose oxidation 
changed by 
reasonable amount 


this 


the oxidation of a 


of material. To meet condition 
the reactant must be present in both 
its oxidized and reduced forms in quan- 
tities large compared with the amount 
of fission products to be extracted It 
follows that the element must be chosen 


those whose chlorides lie 


from one of 
UCI 


chlorides on the free-energy 


bet ween and the fission-product 
scale 

At first, it appeared that magnesium 
but 


indicate that It Is too strong a reducing 


would be suitable, recent results 


agent If no other buffer can be found, 
procedure would be to 
iC] 


fully controlled amounts exactly equiv- 


a satisfactory 


add an oxidant such as in care- 


alent to the species to be removed. 
a ~ * 

helped by disc . 
Brookhaven’ s 
nuclear engineering department, parti larly 
Francis T. Miles Vanson Benedict of MIT 
also participated in very useful discussions 

Data analyses carried out independently 
at NAA, MIT, ANL and BNL reached 


essentially the same conclusions regarding the 


The authors 
with 


have beer 


SLONS many members of 


] 


exrperiments 
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LMFR ({|}) PART IV 


Fuel Processing Loops: 
How They Are Being Developed 








B In-pile studies now underway are based on... 14 \ 
\ 
4 
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Removable plug, graphite 
Removable plug, concrete 


Helium iniet to inner 


enclosure In-pile experimental loop will circulate molten uranium-bismuth through 


the Brookhaven reactor. Fission products formed in portion of loop 


inside reactor (above) will be processed continuously in loop portion 

Heaters V/ 5 ; outside reactor (right). Processing portion will have molten fuel cir- 

A , a a) 4 =<j connections culated through it by two a-c electromagnetic pumps. Molten fuel will 

r. ye  S Shy Saker’ be pumped through the reactor to a vacuum degasser, where volatile 

h, t of SY /p,~ \ fission products will be removed. Part of the main stream will be 

en sty ae n j pumped through a side loop, where a contactor using molten salt will 
QUASS * _ Out extract rare-earth poisons 


o 


) 
4a-VYacuum inner encios 
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To prove feasibility of salt-extraction for removing rare- 
earth fission products from liquid-metal fuel, an in-pile 
experiment with an LMFR processing loop is in progress. 
A series of dynamic equipment and processing studies 


led to design of the in-pile loop 
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y, 


Liquid-metal sump 


<tee]s were hot 


( n tabriecated forms; 


eels were available in 


could be welded to give 


tled svstems Since the 


ent willrun isothermally 
nticipated Stainless 


is a structural mate- 


Y ting temperatures are 


S00" C due to use of a sult 


vy a higher melting point 


('rsteels subject to exter- 


it higher temperatures 


vht penetration was 
static corrosion tests in both 
nd molten salt (Licl- 
t was decided to use 


H00-series) stuimless steels 


i! test loops 
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a” Disconnects~j-> 
Level : 
4 indicotors* 
| | 


using the loops shown in Figs 


liquid svstem were studied 


| 





Salt-waste tonks 


Test results. Dvnumic tests 


ite that ty pe-347 stainless steel 
istactory for use in the n-pile 


where there is no thermal grad 


Flow characteristics of the two-phase 


and plastic mockup 


The austenitie stainless steel 


attacked transgranuliariy b 
solution and some nickel is 
from the steel The rate ofl 


juite low under isothermal ec 


Figs. 2-4). A deposit of 


mium allov is built up in the cold 


{ 


fa nonisothermal stainless- 


tem when the U-Bi has 
additives and is circulated as 


in this test (Fig. 5 $8: 





were analyzed hy the porous-electrode 


technique (5, 6) because the usually 
more aecurate direct-are method did 
not vield reliable results, probably be 
cause Impurities segregated so that 
test portion Was not representative 
Molten LiCl-KC] eutectic has cireu- 
lated nonisothermally at 0.1044 
min ina thermal-convection harp (sim- 
ilar to one in Fig. 4) for over 5,200 hn 
Without plugging; with maximum hot- 
leg temperature held at 575° C, the cold 
leg is at about 420°C. Thus. tvpe-347 
stuinless steel appears to contain the 


molten salt satisfaetorih 


PROCESSING EXPERIMENTS 
Phe loop in Fig. 4 was used to test 


the salt-extraetion proces 


Satistactory sampling ane at ties 
procedures were required for determin 
ing the coneentration of ursaniut 7 
bismuth Since the ursaniur concen 


trations were all less than 2,000 ppn 
special techniques had to be deve oped 
Sampling and analysis. The thie 


type sampling device shown in Fig. 3 


proved most successful It was neces- 


sary to line the sampling rod wit! 
graphite When taking samples to be 
analyzed for constituents of stainless 
steel, but this was not mecesssr lo 
uranium determinations 
Concentration of Uranium ino a sam 


polarography 


ple was determined ] v 
The entire sample Was dissolved in 
nitrie acid, diluted, and bismuth pre 
cipitated as oxichloride by addition of 
hvdrochlorie acid. The filtrate) was 
evaporated to drvness, and the residue 
Was taken lp by a supporting electro- 
yte that is a sulfate-bisulfate buffer 
with hvdroxvlamine added to reduce 
any iron Uranium quantity was de 
termined by comparing polarographir 
readings to those of Known solutions 

First processing run. ‘The loop was 
initially charged with enough uranium 
to reach about 600 ppm in bismutl 
After 2,000 hr of operation the concen 
tration had reduced to about 200 ppm 
After 2.350 hr of operation, sufficient 
additional uranium: was added to the 
loop to bring its concentration to 600 
ppm Figure 6 shows | the ura 
nit Concentration dropped rapidly to 
about 300 ppm, where it appeared to 
remain fairly stable. This removal of 
uranium from the bismuth indicates 
either a reaction with the container 
wall on third-phase forn ition 

After 3.000 hr ot operation the mol 
ten LiCl-KCI eutectic was added to the 
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loop’s surge tank. Prior to fusion, the tor iranium Was added to the metal somewhat erratic, all samples showed 


salt eutectic was carefully dried under with the salt remaining in the loop, the high uranium concentrations in salt. 

vacuum to remove any water present iranium Was again removed from the Samples of the salt from the loop 

This treatment did not, however, pre et were fused and filtered under high 

clude formation of some hydroxide due ‘ lt in the surge tank was re- 9 vacuum lhe filtrate was found to be 

to hydrolysis of the salt The fused moved ind additional uranium was nearly free of uranium while the residue ] 

sult was filtered through a porous stair dded to the metal \iter the ura- consisted of uranium dioxide. Thus 

less-s teel filter before being lded te 1 concentration im bismuth had it appears that the behavior of the ura- 

the loop. t zed, salt was added to the loop nium in the loops that was so different 
Concentration of uranium in bismut! e uranium Was again removed trom Irom that observed in test-tube experi- 

declined very rapidly after the salt was the bismutl The s imples of the salt ments Was due to oxvgen contamuina- f 

added In facet, after approxir tel ere taken (by the same method used tion in the loop The presence of CO 

200 hr nearly all the uranium had beer the bismuth) and analyzed polaro is a third phase in salt accounts for the 

removed from the metal When ad grap ill Although the results were sentte f the salt ar es since this 


2. Out-of-pile equipment tests show that while isothermally-circulated U-Bi 
slightly corrodes type-304 stainless steel . . . 
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AFTER U-Bi WAS PUMPED through system for 2,400 hr at average rate and isothermal temperature of 1 ft sec and 450° C, the all- 
welded type-304-stainless-steel loop (with a type-347 pump cell) was shut down for inspection. As there was no plugging, it is con- 
cluded that isothermal operation avoids mass transfer. Bismuth did not erode any sharp edges at elbows or sockets. Type-347 stain- 
less steel in pump cell showed no carbide precipitation and only negligible penetration except at rivet welds (rivets not used in later 
designs). However, type-304 stainless suffered slight intergranular penetration (~ 1 mil) and carbide precipitated at grain boundaries 


3. Concentrations of type-347's constituents in U-Bi specimens removed 











| 
| 
\ ) Duration of Loop Oper 





U-Bi SAMPLE IS OBTAINED by inserting the ALTHOUGH LOOP IS STILL OPERATING, some idea of degree of corrosion can be ob- 
hollow graphite-lined stainless-steel tube, tained from the amounts of container's constituents dissolved in the Bi. Data is for period 
sealed at one end, through the air lock before Mg and Zr were added to Bi. Manganese and chromium concentrations re- 
while maintaining He pressure inside tube; mained less than 75 ppm; scatter in concentrations is probably due to detectability 
sample is drawn into tube when pressure limitations of analysis. Iron was not detected (< 30 ppm). Data indicate that iso- 
is equalized; tube is removed through thermal corrosion of type-347 stainless steel is largely a process of nickel being leached 
air lock; sample is analyzed for stainless- from steel. On basis of weight of nickel dissolved, and on assumption that all of it has 
steel by porous-electrode technique (5, 6) leached from corrosion areas, penetration after 3,400 hr is calculated as about 2 mils 


22 July, 1954 - NUCLEONICS 








4. From still-operating isothermal loop indicate satisfactory performance if there is no 
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CORROSION DATA are incomplete because this loop, whose main circuit is about 3 ft across and 2!. ft high, is still isothermally circulating 
U-Bi at 0.6—1.25 gal min after more than 14,000 hr. Lack of plugging or leaks indicates that type-347 stainless steel can be used in 
experimental equipment operated isothermally. A static layer of molten salt can be maintained above Bi in surge tank, thus allowing 
loop to be used for processing experiments. Fill tanks were charged with filtered molten salt and metal. Salt and Bi were added to 
surge tank at intervals (shown in Fig. 6). Type-G3 GE a-c electromagnetic pump performed satisfactorily until it failed at 4,440 hr 
because of poor electrical contact between one pump-cell lug and pump busbar. This was caused by severe oxidation. Trouble was 
corrected by using copper leads to bypass current through outer lug surfaces and contact faces. Pump's efficiency was low (0.06‘; 
at 0.4 gal min; 0.16%) at 1.8 gal min) because of relatively-thick pump-cell walls, Bi's high resistivity, and the fact that pump was de- 
signed for use with Na. Electromagnetic flowmeter was calibrated with orifice in line. Elrod’s theoretical equation fits data closely (4) 


5. Mass transfer and plugging caused by a thermal gradient; and . . . 








GAMMAGRAPH, SHOWS 1!.-in. plugged region along bottom of cold leg 


Average analysis of U-Bi samples 
from various portions of loop shows 
30 ppm Fe, 1,900 ppm Ni, 240 ppm 
Mn, and 65 ppm U._ As other stud- 
ies indicate that large Ni concentra- 
tions decrease the solubility of U in 
Bi, it seems probable that the large 
amounts of Ni and Mn decreased 
U from initial 540 ppm. 

Bi was removed from transverse 
section of hot leg's machined test 
section; examination of pipe showed 
transgranular penetration. 





THERMAL-CONVECTION APPARATUS of !.-in. schedule-40 type-347 stainless-steel pipe ANALYSIS OF MATERIAL in a transverse 
formed loop | ft across and 2 ft high. All pieces were electropolished before being plug section shows that it contains 76“, 
Heliarc welded; a carefully-machined test section was in hot leg. Heating insulated leg Fe, 22‘; Cr, and small amounts of Ni, Bi, 
of loop to 615° C caused U-Bi to circulate at 0.2-0.4 ft sec with initial temperature and U. Plates in Bi core are uranium- 


gradient of 165° C. Gradually-accelerating temperature decrease occurred in cold bearing material, probably U.Bi.. Analysis 
portion until, after operating 1,200 hr, decrease became very rapid—loop was shut down’ of_part of hot leg's test section showed 
when cold-leg temperature reached 340° C average penetration of 5 mils 
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6. Out-of-pile engineering-scale processing studies show uranium’s removal from bismuth . 
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VARIATION of uranium concentration in test Ic 


7. Can be prevented by adding magnesium or 
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BENCH TEST SHOWS how uranium concentration varies when magnesium is added to remove oxygen from system 


third phase is probabl t ed tration of rare earths in the | the ru ' h lithium 
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In these runs ismall quant 1 cl thitm va le Vis hslerre rom smuth to the salt 
diated rare earths consisting ne to t hes ype nt iS « le, it : v to take steps 
dymium, praesodymium and nt ( ited using methods ce oO Vr e oxygen trom the system, 
num, wel issolved | ot t| except tha t onusing method involved 
the ~ 
molten salt was 1 1 to the ina ( i! int! ( his rhesiul ce Its oxide 
tank and 
the bismut] 

In both tracer 

erved by the eco ! el ! thre { luete in stainless-steel pot 
bismuth phases reduced 1 ns t pparent ag : ( h molter 31 solution, 
ground within 12 hr after the t ! t ofar ¢ rit urt list ! ite Sv) of operation hen the 
added (initial ac t t e concerned, betw ( Iraniu ntration had stabilized 


iosen Tor 


ground). Th os of the el vhere oxvgen contal Ol t about ppl he moltet CLEC 


tration of rare in the t to the nto exist and earl - 1 l t added to iranium., 
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Magnesium and zirconium 





7,900 8, 


Duration of Loop 





_. Salt odded 
to loop 


8,300 
Operation (hr) 




















URANIUM CONCENTRATION remains relatively stable in loop whose bismuth also 


contains zirconium and magnesium 


the uranium was re- 


the bismuth, and large 


peared in the salt (Pig. 7 

ol operation, 300 ppm 
were added to the bis- 
ntration of uranium in the 
to than 50 
Urania 


An 


magnesium 


dropped less 


ot 
Loo ppm. 


concentration 
se to over 
HO ppm of 
1.200 hr of operation raised 
centration in the bismuth 
which it 
Mey additions 
demonstrated that 
ide in the salt could be re- 


ilter remained 


pite further 


iment 


The final ura- 
160 
the 

This 


reaction 


magnesium. 
1 in bismuth of 
than 
neentration of 600 ppm. 

but 
might account for it. 


hntratior 


onside lower 


erably 


vhat perplexing, 
ontaines 
2.000 hr of operation, sufficient 

is added to the bismuth in 
contaetor to bring the ura- 
to SOO 


uranium 


centration up ppm 


entration of in the 

rapidly to about 700° ppm 
en declined very slowly so that 
it had 


Throughout this 


, 5000 hr of operation 


00> ppm 
ost no uranium was found in 
This decline of the uranium 
tion in the bismuth could be 


etion with the container wall. 


Buffered Systems 
fore rare-earth distribution experi- 
ere performed in the loop, bis- 
| salt remaining from previous 
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vere removed. Was 


loop 


then charged with molten bismuth to 
which approximately 
nesium and 250 zirconium 
added. Zirconium added 

hibit the reaction that might take place 


the 


1.000 ppm mag- 
were 
to 


ppm 
Wiis in- 


between uranium and container 
experiments by the metallurgy 
at BNL the 
such inhibitors in loops of intermediate 
It was hoped that a 


obtained 


walls, 


group indicate value of 


chromium steel, 


similar effect) would be in 
tvpe-347 stainless steel 

Figure S shows the time variation 
of uranium concentration for this run, 
Uranium concentration in bismuth re- 
mained relatively stable throughout 
the experiment even with salt present. 
about 1,000 
Bi 


losses to container 


A concentration ot ppm 


Was maintained in Without any 


significant or salt. 

Although the addition of magnesium 
metal was extremely useful in prevent- 
ing transfer of uranium to the salt 
phase, its presence alone should inhibit 
of lf 


in the salt 


transfer rare earths. no muag- 


nesium chloride is present 


Mg + 2 LiCl = MgCl. + 2 Li 


should produce sufficient quantities ot 


free lithium to force the reaction 


Ce + 3 LiCl Li 


left and retain rare earths in metal. 
Figure S shows the results of test- 

where magnesium 

The 


rare earths were retained by the metal, 


tube experiments 


metal was added to the bismuth. 


predicted by the theory 
this 


as would be 
of Bareis 
not be 


et al. However, can- 


regarded “is conclusive prool 


of their explanation; if the interphase 


TEST-TUBE EXPERIMENT shows effect of 
Mg on rare-earth distribution (upper two 
curves from p. 16) 


transfer was due to oxide formation 
the addition of magnesium should have 
the same effect as that observed 
Bareis et al. have suggested p. 16 
that the problem of sensitivity to ON 
dizing impurities could be overcome by 
using a buffered system where the oxi- 
dation potential is not greatly changed 
by oxidation of a small amount of ma- 


Adding the 


metal-halide or -oxide to the bismuth 


terial, propel metal 
LiCl-KCI system should allow the oxi- 
dation potential to be held at a point 
where the rare earths will be oxidized 
with the uranium remaining in the re- 
duced stute, The 
where magnesium is added to the metal 
MgCl, to the salt be 


factory since available thermodvnamic 


metallic sVvstem 


and may siatis- 


data indicate that the oxidized state of 
magnesium is less stable than the oxi- 
dized state of the rare earths, but more 
stable than the oxidized state of ura- 


nium. Experiments are now being 


conducted in the loop to determine the 
effect of the Mg-MgCl, 
earth distribution, 


svstem on rare- 
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LMFR ({]|) Parr Vv 


A Continuously Separating 
Breeder Blanket Using THF, 


Continuous removal of UF: from a fixed bed of ThF; is possible, but gas 
cooling of the bed is difficult. A similar process conducted 


outside the reactor looks more promising, also lessens corrosion problem 


By F. T. MILES, R. H. WISWALL, R. J. HEUS, and L. P. HATCH 
Nuclea Eng nee ng Depa f) ) B / f \ Lahorate j 
{ plon Vew York 


lo KEEP FUEL Costs low it ‘ i letermination ol diffusion ites curve ere obtamed 
renetor fissionable materi: ist ( inction of phvsieal and chemical Washing dep ted ural 
bred This article deseribe eVE | mposition of the thorium fluoric trap ne halvVzing 
ment of a breeding blanket t t t erature, extracting-g t 

duces | from thorium by neutro tion, and other variables rhe t im fluorich 
capture and that  ineorpe te t he consiste i fine me 


Preliminary Studies nto 24 siietad 


chi Hhieni processing nece 


rate | from thorium \ tus was set up for exposing dling Sufficient prot 
In this breeder, the fert diated fluoride sam- Vis lee nsuctl 
is thorium fluoride. Uraniu ! t metered flow of fluorine minutes liation in the 
protactinium formed by neutron | nt y gas at controlled tempera- react 
ture (Fig. 1) are removed | t ture p to TOO° ¢ Anv Pa or LOO) time s long 
zation of the fluorides in the presence ext te nd carried downstream as a ised ed by 6 
EXE fluorine, as suggest the tile fluoricl s collected in a trap Tactinitiimn der 
discoverers of [ R. W. Stought ur Absolute analyses were Results. e first ¢ 
ind Ga. T. Seabe t ting ! t t tl 
I} est contim t rem t 
blanket m ld | t t! 2 \ 
irticle t ! fli \ il fun t 
ISS Le i flu t to 
As Pa | f 
t 7 ‘ { 
here tl \\ t} t 
Pal Uy | ( Pal 
thant hig! I | 
t! 
tren 
t its { 


the t flit | 
t i rite t 

um fluorick rt \ 

ti eratu | | 
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1. Continuous removal process for breeder can meet . . . these blanket requirements 
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Neutron economy must allow a breeding gain. 
Neutron-capturing nonbreeding materials must 
be limited so that breeding gain does not fall below 


neutrons, 
fission products 


NUCLEAR REACTIONS involved in breeding U*** from Th: Natural 


Th captures neutron to form Th***. Two successive beta decays 
form fissionable U**', Side reactions waste neutrons, make D 


undesired products below dotted line 


ind ed away relatively quickly. 
Suc model calls for the fraction 
emoved to be ce pendent on the square 
ot of the time until about 20°% of the 
charge has been removed, providing 
the ultimate particles are nearly uni- 


th S1Zé Curve A in Fig. 2 shows 


that this law is followed approximately 
ove vide range. The diffusion 
lel is further supported by the ob- 
served temperature coefficient of the 
ext tion rates, 40-60 kilocuries mole; 
the dependence of removal rates 


-fluoride particle size; and 
thie k of dependence of diffusion 
istunt on trace depletion. That is, 

depleted of tracer during a 

~ re idiated to produce more 
tactinium, diffusion properties de- 
wed = fror emoval kinetics remain 
inchanged It follows that tracer 
randomly — distributed 
mogeneous medium; all 
sites were equivalent. 
Close examination showed that most 
ives deviated from strict adherence 
ffusion kinetics in two ways. In 
the earliest stages of a run, removal 
ite Was more nearly proportional to 
in to t-, At longer times a di- 
vergence wcurred, indicating a de- 
ease in diffusion constant or a coales- 
ence of small particles into larger ones. 
The first effect can be explained by a 


temporary hold-up of material at the 
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2. Possibilities of process 
were shown by tracer 
test,and .. . 


that necessary to replace material burned in reactor 
core. Since thorium has a cross section of 7 barns, 
all but lowest cross section materials must be ex- 
cluded from blanket. 


B Blanket arrangement must allow cooling. Heat 

production in the blanket may be anything froma 
few per cent of that in core to much larger figure if 
uranium is allowed to build up. The necessity of 
cooling "favors a circulating blanket over a gas- 
cooled fixed bed. 


Cc A process is needed to remove Pa’ ’’ and U 

Frequent processing reduces wasteful capture 
by Pa®*’, fission of newly formed U 
heat load, and to production of fission products 
that capture neutrons wastefully. 


that adds to 


Operation and chemical costs cannot be too 
expensive, especially in a power reactor. 


3. Regeneration promised 
to solve main problem, 
sintering, so .. . 
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CHEMICAL FEASIBILITY of continuous re- 
moval of bred material was demonstrated 
by removing Pa tracer in F.-N» process gas. 
Log fraction removed plotted against log 
time here for typical run confirms kinetics 
characteristic of process controlled by 
diffusion through a solid (curve A). Devi- 
ation from theoretical curve in early stages 
is not important, but falling off after 10 hr 
in curve B indicated sintering interfered 
with removal. Values of 7, the mean hold- 
up time, indicate process usability; low 7 
values are aim 


solid-gas interface caused by protac- 
tinium’s low volatility; it is not of 
practical importance. 

The second effeet is serious. It was 
not unexpected; the tendency — of 
powdered materials to sinter at ele- 
vated temperatures is well known. 

In an attempt to anticipate this ef- 
fect, thorium fluoride samples were 


pretreated at temperatures higher than 


REGENERATION to counteract sintering in- 
volves hydrolysis of thorium fluoride to 
oxide followed by reconversion to fluoride; 
extraction behaviour before and after re- 
generation at two discrete times is shown. 
Pellet was alternately exposed to 500 
steam and 300° anhydrous HF. Drastic 
reduction of effective particle size was re- 
flected both in increased surface area and 
accelerated tracer extraction. Heavily 
sintered pellets required two or three appli- 
cations of cycle; cumulative effect gave 
powder equivalent to best virgin material 


those used during extraction These 
samples followed diffusion kinetics ex- 
actly, but all rates were much too low 
lor a practical process, Any accepta- 
ble extraction rate, whether obtained 
with high temperatures or very fine 
particles, produced “sintering;” that is 
diffusion properties deteriorated until 
no longer acceptable. 


A numerical example may be inter- 
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4. In-pile apparatus was built for further studies. But... ) 
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= Th sphere | 
t | | 
ng 
: b> 
eS =; } - 
x c 
Flowmeté , 
IN-PILE REACTION VESSEL is I-in. nickel tube extending into 
reactor to point where neutron flux was about | 10'*. Re- | 
action-zone is 400° or a little higher—not high enough to 
volatilize PaF.—so results are obtained with U. Fluorine corro- 
sion, geometry and temperature sensitivity of experimental hole 
prevent higher temperatures. Fluorine-helium mixture passes 
over ThF, sphere, leaves reactor through small-bore nickel 
tubing heated uniformly to 200° to prevent adsorption of UF,. 
Outside, gas passed through liquid-oxygen traps that collected 
UF, and other nonvolatiles. Process gas is recirculated con- 
stantly. Traps are removed periodically and analyzed for 
uranium 
esting. It is convenient to « ( thre 100) These preparations were tion eau im is su ae ee 
quality of a thorium fluoride pre: i pect to sintering like the others crib te rkead out il bide Hit Wi 
tion, ata given temperature n te \ ttempt was made to correlate by =t even diluted t the point 
ol its mean hold-up time | or nh extraction properties t ere entrat ‘ t \ 
is the mean time elapsing betwee ecre ( nm surinee nrea. as mensured he nee 
mation of an atom of Pa [ t t- t nitrogen adsorptiol The 1 iy One xe is disndvantage to the evele 
removal from the thors t ( if nthe micron rang ~( ~tl l ecedente rros probler 
Continuous tepile proce t ( ( ut en heated at GOO™ ¢ Phe et cont ‘ l ive te 
derived from observed. t er-exp oli nert atmosphere \leas tliat ( <ure t eat . 
ment kineti ( e aren changed mue more pheres fluorine t lifferent 
Values of 7 of the order of 30 than did the extraction rate <te Hl trie eve ( ( 
were the gonul of this resent eve The decreased its 1 thiat evel te- t fluorict 
characteristic run t powell t t ‘ nneniimege It ols! ( K- l est thie I tT! 
ceived pretreat ment for 2.5 H5Oe ( { th tullite tect { 
extracted with fl HOO? t ( ‘ els f \ fe met 
the «lat elded a a0 { t t ( ent ‘ ( = 
| Anothe . ; f ‘ , ' 
rrasete i i un at TOO? ¢ \ 7 He-EL.O tures t t} 
1 dav was first observed. but after 200 Regeneration soay Mine . Whine 
] e | Ounce t 1} It 4 ‘ ‘ t + the | nket thas t ild oh <sible t 
howed ns of leve 0 onceive ( truct v 
Ux le et ( the nte 
era ete erat ( \ Is ¢ t l ting et 
that thre vest sinte { est 
ceptabl rhl ) , :,, In-Pile Studies 
HOO” ext tion oot a fin t t] ‘ ( e the results ‘ | ‘ e ext t es 
( | , , 
Uranium extract te { ( ‘ ; 
eon | taet { | 
neti ere t ( t eck et ‘ ( see Fig. 4 
aathu ! te t et e rem ( | ( t 
parsalbole Wit] It 1 ire { 
hexafluorice vreatet tilit ( fi | emote t st anes er a rine flu ads 
mitted removal at temperat ( es e to be manipulated | ft t It 3} ed that the result- 
500°. With sufficient ticle { eap Pemperature cle v tion damage celerate 
ieceptable +r ilu vere tau ‘ I 1 sIs-] { | tu t ~ t 
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5. In-pile results also show 6. Modified process with external removal that 
sintering. This leadto... promises good efficiency 























» Product 
— gases 
50,000 i cas 
. * )\ 
{ { { 
| 
wan | 
7 ' 
900°F metal AOCBO| 
10,000} temperatures <-~ "| | 
jai ; / Filter 
4 gi) “a chomber 
“a } , + ~ Nedieeteenesees Se 
5.000 These gases Cyclone = ' ~-% 
A from OF (or HF) ee ee Re oN 
/ — trolysis plant i ' \ \ 
2 Srocteonyss pon a ee 4k )f Product gases (listed in 
a, Deuterium // order of decreasing 
- (hydrogen) eee: = volatility) 
i bo) \ / — 2 |. Permonent gases 
- Fluorine Torch chamber 
i © | v 7 y “8 luding F. 
= 1,000 _ 9 ——_——*, \ including Fo 
| 100 days Lo Combustion y | 2 Fission-product 
| . eS ZONE 2000°F } fluorides 
| 500) — i Xobout 10% free / 
0 ee — As ree, 3.0F or HF 4 MoFs 
{ 10 days si y ; ‘ : 5 U255 Fe . Po Fs 
4 ThFg powder from blanke 6. Fission-product 
carried in dilute phase in fluorides 
100 inert gas, hydrogen or 
| aareiie: “oo °°». .®©§60 1 preferably deuterium , 
Time ideve) ee __--77Filter-chamber tail pipe 
\ ‘sahil ae - Cyclone tail pipe 
IN-PILE RESULTS CONFIRM laboratory tracer Me- __—-—-Torch-chamber tail pipe 
experiments. Solid lines show removal calcu- Recycle powder-return \ ben 
lated for diffusion-controlled rate without to blanket after being | 
. Bagge stripped of DF and F, ¥ 
sintering. Circles are observed removal, indi- 
cate adverse affect of sintering. Radiation TORCH BURNS hydrogen with excess fluorine to melt thorium fluoride powder 
damage does not help as expected. Instead, momentarily in fluorine atmosphere. Corrosion problem is minimized by keeping 
r values are larger than in laboratory; at 400 flame away from chamber walls. Thorium fluoride freezes in form of small spheres 
not even submicron powder had acceptable and settles out; gaseous Pa and U fluorides go to cold trap where PaF. is condensed. 
extraction rate. Extrapolation from 325° and UF, F., HF, fission-product fluorides, etc., continue to series of distillation columns 
400° results gives minimum adequate oper- for separation and purification. Pa in trap decays; U*’'F, formed is carried off 
ating temperature of 500. In-pile runs also in stream of fluorine. Laboratory-scale test with inefficient torch recovered ThF, 
confirmed tracer studies of regeneration and spheres similar to feed, but with as little as 15‘; original Pa activity. Spheres 
reduction of 7 value by incorporating small were suitable for recycling to a gas-fluidized blanket. Cold traps collected up to 
quantities of SrF. in ThF, 30‘, of Pa activity without Th 
the cuse sor Fig 5 But revenera- be solved simultaneous] with the neu- in heavy water. This would be easy to 
tio! ~ possible tron economy problem. cool by cireulation to an external heat 
This leads to consideration Ol some exchanger. The oN could be proc- 
Design Limitations, Solutions moditied hl wket torts. In thre SITti- essed bvia eombin ition of reweneration 
\lt wh tracer and in pile studies plest, the thorium fluoride would by steps and fluoricle extraction the 
dey nstrated the process design of a handled as a fluidized bed This bed fluoride perhaps by extraetion om the 
thoriu fluoride blanket appears diff could be circulated to an external heat torch alone 
uit to ine of the heat removal prob- exchanger for. ¢ hy As often us Although these blanket schemes are 
ler Quir present ideas on the core of Hecessil part of the powder eould be not as elegant as the origina proposal 
n ¢ t power reactor require that by pxissed ton] wessing plant for ex- where only those atoms that had « i}) 
it operate at a high power with a high traction with fluorine The blanket tured neutrons would be removed from 
tL neutrons This puts a now need contain of ninert gas, and the blanket, they may offer a blanket 
ure ent load on the blanket than this could be operated at reasonably ind process that meets requirements ol 
( moved ma circulating was low temperature t eCnuse COProsion, neutron eCeonomy cooling frequent 
The le ( stationary bed must be The process « if ie the renetor could processing, and economi operation 
thandoned in favor of moving the bed now be operated at much higher tem- An alternate blanket being consi 
to external heat exchanger. perature Y uranium extrac- dered also, is a dispersion of thorium 
Another difficulty is corrosion. In tion. At a temperature above the bismaiuthict in liquid bismiutl ee p, 12 
troduction of the regeneration process thorium fluoride melting point, diffu- 
neal HI is Well as fluorine Sonos raprld enoug for immediate re The autho } , 
extreme corrosion problem moval of Pa oar . Iixtreme corro- ntial contribution / h mad 
that t be met with materials of low sion problems are olded with a torel I Bloore, L. I / cr 
0. B.D I. Kaj . M. Littmay 
neut cross section But removing like that shown in Fig. 6 ft, Pe F. U. Sheek WwW) and 
the t m fluoride from the reactor Another possible modification of the — E. Wirsing of Brookhaven National Labo 
, ; : . ] = I}, ee Wap eee hd. lory; ~P lyre | Bohin ) 7 kK 
v so moves Corrosion prob- externally cooled and processed blanket Stough of Oak Ridge N ‘ I I ; 
lems to the point where thev need not is a slurry of thorium oxide or fluorict and Myron A. Coler of the Markite Company. 
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LMFR ({{}) PART VI 


FIG. | Three core-element designs for internally-cooled LMFR. Fuel flows in the areas marked F; coolant flows in areas 
marked C 


Heat Exchange in LMF 
Power Reactor Systems 


Underlying principles and factors affecting design of heat transfer components 


in LMFRs are discussed. Calculations are presented for typical system designs 


By ORRINGTON E. DWYER 
Vuclear Engineering Depa 
Brookhaven National Labora 
Upton, New Yorl 


To KEEP REACTOR SIZ 
tory down within 
high heat fluxes are 
heat-exchange compo 
power rencetors hor 
high-temperature hea I ul 
Ix find particular app tho ( 
£ thats Daley thaws P HEAT TRANSFER PROBLEM 
Or VISCOSTET ! Heat removal consists of two phases 
ind heat tr insport 

In ll power reacto hart re ( the transfer of energy fro n thermal breeders (reactors © burn- 
particu uly those \ten ed thy terial bb Yr cooled to he of ne nel producing he number 
core design and size a " | emg te ad: tl reters to the of neutrons produced per neutrot 
taunt reactor characterist lf tral ! ion, by some fluid 
Inventory, burnup time, spe¢ } ( energ rom one point in the system to 
and—in the « f breeder not he her of these steps 
time 
transfer than by 
tions, Thus, a 
these two normally 
must be reached 

Sinee the produc ol tert ) By, Int re on COnOM s ¢ ” is Cal ers 10 IC} it . fissile miate- 


bismuth, the main constituent the iy int ot hermal breedet rin ind as primary coolants is indeed 
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i ! his (Iscllssion both 


olants are taken to Cooling: Internal vs. External 


lit ~mutl neglecting the 
thie ty c i ; or heat-transfer Unlike reactors with solid fuel cleme nts, liq did-fluel reactors can ty 
; } a] , 
cooled either internally o externally. Vc... the tunel can remain wmside 
{ 
] . . : 
the core and therein transter its heat to a primary cootar fo Pecan ty 
Corrosion continuously circulated to external heat cachangers where it transters 
1} I ~~ Cs lhiost structural its heat fod secondary coolant The care cerlatn advantages and dis 
t egree dependent on tem- advantages to cach method of cooling, and the choice between them de 
} t } } ! | } j 
. . onisothermal cyelic pe nds on the Pur pose and design characteristics of he pa cula 
{} t Distnuth can dissolve econ- reactor. 
t t t the hivgh-temper: I ’ ) 
igh-temperature Katernal COOLLNG Gives O permits: Ll. smatter reactor core because the 
| ; ; ie ] aie 
| e systen nd precipitate it . ! J 1 
| | ' fuel is the prima / coolant and there is no structure separating fucl and 
te etalive eompounads . 
as coolant streams: 2, 8 mi pter reactor construction and, therelore howe 
‘ t ‘ Zones his proc- 
i wermat-stress problenis ) eal cxrchangers having bette cal-franste 
i : i} l-s/ } / + af l / ] / ) belt / /-/ { 
: t transter Is) Common 
yoy , — 
4 4 ry cocflicients: 4. less critical leal probl moand greater Ope ating reliab {ij 
ele ~ ? ~s transport rhe 7s 
} } , 
F lets can build up to the several exrchar gers can te operated in parattel 1 leas fe ClOPs TN One 
| j ; , 
ere thie ug flow cl innels it could be wolated trom the system and its load flaken by another 
} j 
l lit- rapid fuel cre ilat on permitting prom pt Cmoral Of Gascotus SS/0O7 
f ( ess n be reduced to a products; 6, apud fuel circulation permitting better control of reactivity 
q t t ‘ egret | Using a Cone fuel concentration can te changed qu chlu by add ng oO removing 
H t t t} ] ‘ rer \ } . , 
f r ‘ that has a verv low fissile material as tie s circulated Soa, Secondary coolant having a 
{ : 
E . thot te 4 «| ve COrros ’ 
2. adding corrosion high cross section: &, qreates de Sign flexibility and fewe restrictions on 
t t thie quid metal: and 3, ) 
eae ; , choice of mate ais DECOAUSE heat franster and tission PrOCOSSES Are 
Ti ow thie qu metal fast enough to 
separate 
et S101 roduets In suspension : 
. Internal cooling gwes or pr rmits: 1. lowe five mmventoru; 2. nO 
( nhiorees the use of structural 
‘ 4 F | radioactive steam because primary coolant flows to sleam-qenerating 
r h interior physical propel 
. a 
t 1 eat-transfer characteristics equipme nt outside core with external cooling, an additional heat- 
1 . , 
1h The eights i? ~idered here graphite ane | hande circuil would aT HECOESSALY lo do this hq ) secondary coolant 
~( nside the core and Croloy that is not radioactive; 4, primary coolant that can also be the 
5-S ised outside the core. Thei breeding stream 
Ke seems to make Croloy For internal cooling. the structure separating thie fuel from the 
" ’ 
( t teels bet | rlliar s | ! : 
ete t im regukal tain coolant should have: la geometry that pro ides a larde heat-transter 
WMizing the proble m area (without being massive): 2. low thermal-neutron absorption CTOSS 
transter by bismutl Com- , . 
i . : section; o high ther mal conductivit jc 4. sufficrent stre noth lo preve nt 
evu stainless <teels, how - . 
cracks and 7 ipl res and », satistactory resistance lo corrosior hy high- 
eve thie ‘ ess oxidation resist- ) 
femperature fucl and coolant 
t ‘ ted) temperatures ame 
. , } } } 1 
, Vo such rdeal material exvists scroeral good Structural metals are 
/ 
ven er plivsieal properties 
eliminated hy thei high neutron absorption Graphite s reasonably 


High-Velocity Erosion qood from most sland points, hut as deficient in strength Crraphiti 








| - ) ! tubes are not pract cal, but fuel and coolant can be circulated in se parate 
I tie uv elocityv needed tor ’ 
( ent heat transport must be com- channels in large graphite blocks that have a minimum graph ite thiel 
t erosion limitations ness between streams and that prot idea sufficient areca for heat transter 
_ ticular linear velocity a From thie neutron-absor ption stand point, hismuth as the best metal 
{ ( ] ( quid bismuth hisas ten available as a liquid coolant Othe r low-<¢ ross-section metal . i“ hi as 
t ( 1 et energy otf water, it Li and Ph > would tbe hette eC hut heing rsolo pe Re the / would be pro- 
P| Inpact pressures at hibitively expe nerve 
turns, al ipe be ~ 
. id pry ‘ nd : | rom this COM Parison, ifcan hy concluded that. from an ope rat onal 
Phi sulting ¢ osion produces the same 
: : stand point, erternal cooling might hy gene rally preferred fo internal 
net re t - enlized Corrosion, 
1 ° cooling. 
| obably would be worse in 
terigts that depend on 
t¢ et ivers tor protection, par- Tr 
ow | metals flowing in steel equipment and rhese limits have not been influenced 
ticu ere such lavers are not ; 
: : is "ee In graphite by pumping-powe! considerations: 
] ent hard and well bonded. ; ¥ 
’ In designs presented here, the ero- pumping power requirements are low 
tunate very tew velocity : - ee 
1: S1On problem eauses maximum linear But, maximum allowable linear ve- 
ta exist for liquid heavy 


velocities to be set arbitrarily at 10 — locities directly affect holdup. In flow 
Bal ck and Wilcox ¢ ; It/sec lor bismuth and at 25 ft/see lines liq 
I | icts Diy for sodium the secondary coolant versely as the linear veloc ity; in heat 
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uid metal holdup varies in- 


31 








Secondary Coolant: Yes or No? 


uations, 

Fission heat can be ( f eclly from the liquid-metal / | I calculations 
{ . / / / , p> > /j / j / } i listé coe the 
(primary cootan lo 0 ( Fadidate cootant can be Wwsed 

The one qreat adva f tf r is the elimination of the 
secondary coolant syst / f ea changer, coolant, piping, and 
pumps The disadvant dire lransfer are: 1. low over-all 
cocflicients encountered ‘id | CSSU ed tubes and superheated 

] , 


sleam necessitate ta Je hea f Ss and corre spondingl larae 


/ j / 
fuel ~nventory: 2 la ( [ ) l¢ lt @ncreases probability 
li akage Vw. 2 high thermal st ( | ( ra result from larqe ad fhe lo 
ence in fuel and steam ten if r where wt might be eco- 
nomical lo produce hean fem) ! f appreciably helou the 
fuel te mperature a ary f vent for stepping ( 
the le mperalure 0 f a} at t Ih-temperature end 
sleam become radioact ! ( plant maint 
creates need for leal hraghil f } nad } f fiae and 
additional shielding pro | ai f “decon pose 
this necessitates ane if al Cone hea s 


the 1 OLUGEH COI 





coothy 
linear 
portant 
metal 
must 
The 
permnent 


Equipment 
Heat-transfer 


Estimating Coefficients 


r ect 
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tact c 1.730. This 


resistance in- 


will be 
the contact 
creased fourfold as the Peclet number 
from 1,000 to 100. If this 


resistance is due to an inter- 


efficient 
neans that 
Wis red iced 
eontact 
resistance between pure solid 

nd pure liquid metal or the in- 
rposition of a third solid phase, such 
would not be expected to 
Peclet 


Phus, this analysis suggests basic 


resistance 


ge appreciably with 


nuti- 


vreement between the equation and 
heat-transfer results on 
ite shell-side coefficients 


shell-and-tube heat ex- 


only type of external heat 
loved), Eq. 


by replacing D by D,. In 


1 was modi- 
ns considered, there was little 
il across the tubes. 

the coefficients as given 
‘re not changed, because 
well sub- 


alkali 
tubes. 


has been fairly 
experiment ol 


gy inside circular 
re two other equations that 

been used to evaluate the 
Tidball’s — re- 


Donohue’s equation 


On thi ents 
d here because it was felt 
ad give too-high coethicients. 
shell- 


and oil for 


equation correlated 


liients on water 
and-tube exchangers. 
nm correlated experi- 
on Nak flowing on the 
bafed exchanger: but 
| considerable seatte 
tin a miniature ex- 
itively low Reyvnolds- 
15.000, 


Rosenblatt’s 


1 OOO 

1 data tor shell- 

in an unbafHed shell- 

vas not used here 

were taken in the low 

ile Revnolds-number 

9. 000-S0,000, and the coefhicients 


ited trom o 


heat- 
than 


higher 


ver-all 
rather 
At the 
Brooks’ — and 
to appro hi 


tions differ greatly in 
hel -side coethcients 
heat ex- 


with J, substi- 


-and-tube 
lation | 
is used because it gave 

able results and was 
»> the present designs with 


isatest assumptions 
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data, 


have reported 


On the 
Bonilla 
interfacial 
150 to 1,500 for unwetted steel and up 


basis of preliminary 
Wong ) 


coethcients 


and 
ranging trom 
to 4,000 when small amounts of sodium 
were added. 

Here, the problem of estimating con- 
tact coefficients arises for the case where 
fuel is held stagnant in a graphite chan- 
nel under assumed wetting conditions. 
Without 
supporting ey idence, a contact coeffici- 
ent of 10,000 was chosen. Much expert 


much experimental data or 


experimental work will have to be done 
before contact coeflicients can be esti- 


mated reliably for liquid-metal:solid 
interfaces. 


The calculated results presented here 


were obtained assuming that no surface 
fouling occurs and that no third phase 
exists to prevent good thermal contact 
between the liquid metal and the heat- 
Moreovet 


Physi il pro- 


transter surtace. no salety 
factors were introduced. 
perties of a liquid metal were obtained 
from ref. (6) 

Realization of maximum heat-trans- 
liquid metals 
The 


importance of filtering the liquid metal 


fer coefficients with heavy 


requires extremely clean systems 


and cleaning the equipment before 


stressed 


startup cannot be overly 


EXTERNALLY-COOLED REACTOR 
The design chosen to illustrate the 


heat-transfer characteristics of an ex- 





Symbols 


fuel-graphite interfac- 
ial area, ft? 
cross-sectional area of 
core element, ft: 
cross-section of flow in 
shell exchanger, ft 
average area of graph- 
ite for heat conduction, 
ft 

area for heat transfer 
based on tube OD, ft 
blanket saving, ft 

a constant 

specific heat, Btu. Ib ° F 
diameter of core, ft 
inside diameter of tube 
or channel, ft 
equivalent diameter 
4m, ft 

equivalent diameter 
4, in. 
outside 
tube, ft 
heat-transfer coeffi- 
cient, Btu hr ft F 
fuel-graphite interfac- 
ial heat-transfer coeffi- 
cient, Btu hr ft F 
density of heat genera- 
tion rate, Btu hr, ft 
thermal conductivity 
Btu hr, ft/° F 

a constant 

distance above bottom 
of extrapolated core, ft 


diameter of 


height of extrapolated 
core, ft 
average thickness of 
graphite wall, ft 
cross-section for flow 


wetted perimeter, ft 


number of core ele- 
ments 

heat-transfer rate from 
fuel surface, Btu, hr 
heat-transfer rate per 
foot of length, Btu hr 
heat 
Btu hr 
radius of fuel channel, 
ft 


radial 


rate of reactor, 


distance from 

center of extrapolated 

core, ft 

radius of extrapolated 

core, ft 

temperature of fuel at 

radius r, °F 

temperature of fuel at 

center of channel, F 

bulk temperature of 

fuel, ° F 

temperature of fuel at 

outer boundary of chan- 

nel, ° F 

temperature of graph- 

ite surface next to fuel, 
F 

temperature of graph- 

ite-cooled interface, ° F 

bulk 

coolant, ° F 

linear velocity, ft hr 


temperature of 


time, hrs 
viscosity, lb ‘hr. ft 
po = density, lb ft 

Subscripts: / = distance above bottom 

of extrapolated core, 
pri- 
mary coolant stream or 
fuel stream 


q graphite, « 


channel, f 
or channel 








ternally cooled version of the [FR f ure =! ! ! 1Z Phe Phe tubs the heat ¢ 








2 vers are 
represents a Compromise in that } ture flows vertically throug U-shaped t nimize ther: stresses 
tion ol thre fission heat t ( t hve t re na te es nt 520 ( This rl o¢ the tuel-sodiu ( inger 
directly to the steam ana the \ t e moderator might consist of single the fuel sick ruble- 
t| oul econan ( t ert ty l t l Side es the 

A schematic diagrar t \ w the e, the heate ( wile y ss the fue e and 
howing the core. blanket ch at lou Mics eke The 
t ( ent « or t f t e the tubes el flo 
TABLE 1 - Design Conditions for Heat ; ohaeie jai 25 
Exchangers for Externally Cooled 
t t by es the eat source t struction elded tube- 
LMFR 
t i e ( t em I ( thie Oss t lv n 
Heat rates, Mw vying 
Boiler IIS ! CQUUTG mt eat Thea apne © Tue ( zi 
Maximum allowable velocities, ft sec ' ( ent the st tot 
Sismmiuitl \it t t ed HSS1O! lt Thy ent- never t ‘ e single- 
Sodiun . ur t ( | S ti ‘ } 
Temperatures, ° F fle to two ste ren vo ie ae 
Bismuth eore outlet 1s t ‘ r t » siete ‘ “ tre ut ( lirements ~ ‘ the 
Bismuth, Na-exchanger outlet SS4 f ( to 350° ¢ | str le rT 
Bismuth, boiler outlet thre ‘ ite ‘ ure n- 
Sodiim Na-exel inger inet , 
; etu ed t thi p t ‘ . t ole tubes ! vlit 
Sodium, Na-exchanger outlet S 
. {) l t ( t ( t 
Saturated steam LO4D p \ ‘ 
| t ¢ or ( ence esig r equire ible tubes 
Exchanger tube data 
Material ( =< ' : Phe uh Poe . . Ul el n the interve we space 
° P thie t te vit! ( ! ( t ( KS ( ( aqoub 
Phermal conductivit itd 5 : \d ATA 
Btu hr ft | t n be replaced t \ tribe CSI TIS e about the 
Phickness, in 2 ilt All welds ( ted : ( esistance t eat transfer 
Spacing trinng@ular il { 2h thie ( il © the ( = f v tubes ( r 
| lesig ere ere 
( esent ( 
TABLE 2--Summary of Calculations for Externally Cooled LMFR t ern it it 
‘ t thie t re tors 
IL) 
Cond f ‘ 
t LMIFR 

Bismuth-sodium exchanger 

Bismuth eoeflicient. Btu hr | t ) ( OOo » 0K) » 20) Design Conditions 

Sodiimn coefherent. Btu her | OOo ra Ooo 13.000 1? OOO 

Fraction of total re tar ‘ 
offered by tube wall () 64 0 GS O 66 CS Te { ls Ie l tot heat 

\MIax. temp. drop acro t | { Ll, 125 121 were { ti =s 3800 MM ol ! 

\lax. thermal stres Ihy our 6 OO 16 OOO ~ 16.000 ~ 16 000 the ent te aqependent ent 

Number of tube nopars > Hint 1.662 1.257 1?0) ( es l ( l 

Disitrrete ( >4 ) < ( ( ‘ 

Height t ’ 10.4 0 ¢ tubes er ect tiv 

Sov in elk t t , a») a) } 

I 2 2 Che : ; ties 

Bismuth velocit t Q { iold 0.0 

{ sod been set 

Sodium holdup, Ib HO 1.120 1370 G40 
‘ ; a sole ( sis of ¢ \la 

Bismuth holdup, tons is o4 i > Gg 

. mu ith temperature | a 

Each boiler 

s Of) PET, <¢ } , avbitrar 

Bismuth coefficient, Btu | 2 2 GOO , O00 100 0S” I ‘ { i 

Stoo oefhicient. Btu | y 2 500 2 500 2 500 ( nes thie thy temper- 

Fraction tot t { ( et I I 
offered by tube w { 0 45 48 ) 48 te ( r lire ent 

Max. temp. drop neross t | 151 16] 16] ( s-Si was choset tube mate 

Max. thern stress ! 1) OOF 20.000 ~ 20,000 20.000 ” ise of its supe oslo 

Number of tubs nopar 2 ROS 740 621 racist at smut | t} k- 

Diameter, ft > 8 2.6 2.6 <6 es et at n. te e against 

Height, ft ) 16.8 yee x 0 #: 

{ ( v " i) ne 

Bismuth velocity, {tse 8.0 8.5 mh) 

Biamuth holdup. ton ‘. « as a etwe ae bio 
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Calculating Core Sizes 


Although this treatment refers tofTy pe B core geometry 


Variations It Is applicable to all types. 


constant and uniform heat generation in stati 


mperature-radius relationship for the fuel chan- 


dy conditions can be expressed by 


0 (r ot/ Or) /rdér + (H/k) = 0 


which, at fuel radius ry, is 


t; — (rH 4k 


ature drop from the center of the fuel 


stream (¢; — ts) is arbitrarily fixed 


- qyt Sri: 8) 


rate between the outer fuel surface and 


ranstet 


stream Is 


i —# 
L wh D,) 4+ L kA 


The fuel-graphite contact coefficient, A,, is, as explained 


The coolant coett- 


previously, fixed at a definite value. 


cient, A, is evaluated by the equation 


h.D. k 1.9 + 0.018 (Dap, | ln 


After substituting Eqs. 6 and Ja into eq. 7, an equation is 


obtained that gives gy as a funetion of 1 Thus another 


equation ol the ty pe dye f 1 is necessary before can 


be evaluated. 
The combined length of all the fuel elements is equal to 
() 


» and also equal to wd* 44,, giving 


Qi gn = wd, 4A 
Mquating the sensible heat picked up by the coolant to 


total heat rate of the reactor gives 


V (7/4) Devpl coolant temp. rise J 9 


\ wd? 4A 10 


Combining Eqs. 8, 9, and 10 gives the second equation ex 
The 


equations then can be solved to give values of 


pressing gr as a function of 1 two simultaneous 


und t 
from which the other dependent variables listed in Table 


3 can be obtained readily. 





ber of tubes 
The chief 


g would be appreciably less 


iv with tube diameter: reasons 


are spaced widely to 


ver of plugging that is 


buildup of intermetallic are held constant 


for tubes larger than 0.700 in. could in 
all probability not be 


Bi-Na Heat Exchanger 


tion results are summarized tion requirements ; 


the 
would he eonsidel ably 
Table ys 


2. Of the four tube sizes in- for such tubes 


odium velocity is limit- 


two; bismuth velocity © shown in 


last two Assuming 


Is hot important, around 0.600 in. to 
l be as high as pos- 
heat 


ties of the two streams 


ze resistance te rather high At 900 


hgures 


ndependently that the stress require 


f the 0.600-in. tube, the — creep 100.000, hy 


Ith 


their maxi- about 12,000-14,000 


As 
bismuth coefh- 


itor nent 


velocities, tube view of the apparer 


thie temperature drops 


velocity in- obtained from the tl] 


In equiva- stress equations col 


2. the sodium coetticient 


perature drops foune 


ause the diameter concluded that the tl 


tv effect is slight Table 2 are practi 


total heat-transfer 


th Boilers 


wall is essen- 


1, maximum Soiler ulations 


tubes does not by assuming: 1, boil 


ature is independent 


5, effect on bis- 


>and 6, the num- the saturation tempe) 
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decreases 
for 
the variation in bismuth holdup isslight 
is that the tube spacing and thickness ft 
‘he tube spacing 


because of mechanical 
bismuth 
It thus 


that the optimum tube size would be 


O.700 in 


The calculated therm: 


available, but 


d to produce 1& h 


ature correspond- 


ind 
foreed circulation) heat- 
Btu hr 


considerably, to the steam-drum 


the fact 


Ing 


that 2, 


pressure 
steam-side 
transfer coefficient is 2,500 
F and is independent of tube size 
bismuth inventory 


To 
there should be 


Hinze 


only a very small iso- 
thermal flow in the heat-transfer loops 
This that 


he roughly equal to the height of the 


held down to ty 


land construe- boiler length should 
that 


holdups 


means 
uch means 
reactor plus the length of the bismuth- 
larger than those sodium heat exchanger 
appears As in the bismuth-sodium exchanger 
the effect of tube size on bismuth hold- 
Optimum tube size is also 


ther- 


up is small, 


around 0.600-0.700 ino: and the 


but 


il stresses 


are 
rable 


IK th 
t Is 


stresses high tole 


0.700-in. 


mal 
The 
alf as many tubes as the O.400-in 
| 


ere are no are 


estimated tube size mail 


requires ¢ 
S1Ze 

, » , { 
Croloy o-SL Is making the number of tubes 
in determining optimum 


tube 


n i). 1 tor 
eonserv: Probability of 
when fewer tubes usec 
For transfer of 300 A\Iy 


bismuth holdup in the | 


ross tube walls 


in¢ 


oretical elastic- 
red to the tem- 
practice, it is 10 tons 


| stre 


Is ApPpronximatel 


INTERNALLY-COOLED REACTOR 


‘SSeS 1D 


As shown in Fig. 2 on p the core 


ly | 
Marien 


is essentially a large right 


were simplified block of graphite, in which the 


liquid- 
wate! metal fuel is contained in a large 


f height 


temper- nutii- 


and is 


ber of interconnected vertical channels 


i sepurate 
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The primary coolant flows in 














set of parallel channels Heat t rs ‘ le] n the core ma remap elght eut exchangers, two of which 
ferred from fuel to coolant t ug tat ( t ma be slowly circulated ire standbys, are distributed uniformly 
graphite walls The graphite se es Tt Phe Fe coolant, alter rising verti outside the blanket, which in turn sur- 
1, separate fuel and coolant; 2, transfer through the core, splits into eight rounds the core. In the exchangers, 
heat from tuel to coolant ind 3 equal streams, ¢ ich of whiel is pumped the prima coolant is cooled from 520 
fission neutrons to ther! energi [ L St madal heat exchange These to 350° ( flowing down s ngle-pass 
Core Temperatures 
Since heat-veneration intensit i J» Besse inction of Knowing (dg; 0A t.. ft the three resistances to heat 


the radius, the heat flux from the ( { e (the heat transter as lunctions ¢ Cus to vet the intermediate 


transported by the prit t t al ie of the temperatures, t, and ¢,. fe fferent values o The tem- 
radius, is perature the cent t ( } | he ob- 
dq, dA BJ, (2.405 RI tained the equat 
or, 
Le In BJ, (2.405 R/Ro| Rdl 2 Og 
f ~ ) } ; ; () 
a4 
which, upon integration 
Which ts gous to Eq. 5 Phe valid assumptions that 
_ ppp 49) 19 405 ROR ' | 
{ rBR . aUd é i j i) ixial heat onductior nt ‘ 1 ind coolant ind inenar 
. . ‘ wear L ; P ; heat conduction in the g¢g te ire neghiigibie were Im- 
Since Ry is fixed (7 ft t f or the 


hol , F plicit in the derivations 
whole core, the constant ; . 5 
Forced circulation. | the case of forced circulation 


Dle heat content 


of the lel stream, i hanges mn the sensi 


The total heat rate it 


{ of the fuel is If rises ly e Cort can be neglecte 


LBJ, (2.405 RR 


The heat flux from: the 1 TT, nne i sine 
/ } 


ad 
funetion of the height I ( : rl 21) 
GA L 


I, - : eT { ah 
dA ar . ] lo 
therefore ict tie mpmed 9 kes it possible to 
“culate £ or wl 
dqy = K2mry sin” Mi If the sensible heat effect were not negligible, we could 
‘ CONSE Ime « ( Y su ( ‘ ( 1 it 
Integrating, we vet rising tl lgh the core | hoa volume 
~ net heat g neat gv te eat rece ( 
q ory, I : 17 miluct eat lost 
if = esis ~ 3 
l 
Heat ¢ ve | tion i ( negligib 
By combining Eqs. 14 and 17, t tant / e deter- sma 


' , 
mined At anv height ( ( nat Teak ents D,p/C dt { 23) 


lor static fuel, the proportion t int , , t\dA 


he if st »c 
20 
1 ; F pv ra t iste L 
LS J 
: ag Fr 1./A h(D. D 
{ 
will give the coolant tempe ture f t rt l ilue of The co int temperature n be expressed as a lunction 
l. Knowing the heat flux (dg, 04 7 nection of 1. the of @ by an equation similar to Eq. IS. Thus, on substi- 
surface temperature of th r ! ‘ tained for tution of these four expressions into | q. 22a lifferential 
anv value of 1 bv the equat equatio! s obtained that gives ¢ is a function ot 0 The 
solution of this equation is somewhat unwield Iexperi- 
(2 ) rD ( 19 ence has shown that the slight greater accurac obtained 
OA j ] ] nevel ustined the eXtra K l olved Fon this reason, 
rT !) | TT i) t he solut I iq > | = ft ( tte 1 here 
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ts heat to a secondary 


ither sodiumor lead. From 

heat exchangers, the pri- 
nt returns to the bottom of 
The 


source 


to repeat the cvele, 
the heat 


im-generating equipment, 


olant os 


coolant plays another 
role. As a liquid metal mix- 
ling fertile material, it is also 
Thus, at the bot- 
reactor, a small portion ol 


y stream, 


r coolant flows up through 


blanket to remove the relatively 
uint of heat venerated therein 
that breeding is accom- 

ide and outside the re- 

It is 


vy with internal cooling to 


desirable to do ili- 


relative loss of neutrons 
ipture 
reactor Is a complicated 
vhich fission, breeding, neu- 
mM, parasitic neutron cap- 
iterials, and heat transfer 
These 


nterdependent and each 


simultaneously. 


it a definite rate to main- 
renctol 


metry, 


operation, 
and general re- 
must meet the require- 


This al- 


because a 


these processes, 
compromise 
ve in a particular inde- 
le is usually detrimental 
inble 

eh the 


heat-transter 
not nuclear considera- 
has the greatest influence 
nd design of an internally 

ft internally cooled 
» externally cooled ver- 
is admittedly 
ir as present technology 


but it is 


earlier 


believed to be 
realm of possibility a few 

\loreover, as far as heat 
oncerned, this design also 


| inventory and plant 


ng calculated heat-transfer 


for different core designs, it 


ag that: i, 


natural convec- 
channels would not appre- 
heat 
he high thermal conductivity 


radial transfer, be- 
fuel mixture; 2, physical proper- 
fuel mixture and primary coolant 
ne as those of pure bismuth; 3, 


ium allowable linear velocity for 
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Time (sec) 
fe) 10 =—20 30 640 


Fuel stotic 


Fuel flowing 
ot O2 ft/sec 


) 


(°F 


2-ft retiector 


Temperoture 


0'23456789 1 
Channel Length (ft) 











FIG. 2. Temperature variations along 
Type-B element at center of 10-ft core of 
internally cooled LMFR 





Fuel stotic 


Fuel flowing 
ot O02 ft/sec 


Temperature (°F) 


2-ft reflector 
soving 


5678910 
Length (ft) 


ee Fe 
Element 











FIG. 3. Temperature variations along 
Type-B element at periphery of 10-ft core 
of internally cooled LMFR 


10 ftysec; 4 
that of right evlinder with height equal 


bismuth is core shape is 
to diameter; 5, core is a solid graphite 
structure with separate fuel and coolant 
channels; 6, heat generation rate is uni- 


form throughout the core; 7, contact 
heat 
nonfiowing fuel and graphite is 10,000 
Btu/hr ft? ° F 


S, under the conditions of 


coefficient of transfer between 


(a rough estimate); and 
temperature 
and neutron flux existing in the core, 
the thermal conductivity of graphite is 
30 Btu, hr, ft 
out the core. 


F and constant through- 


Since the primary coolant is also the 
the 


walls separating the fuel from 


breeding stream and. since con- 
tummer 
the coolant serve as moderator, the core 
must provide certain relative volumes 
These 


volumes must be so arranged that the 


ol graphite, fuel, and coolant. 


core does not become excessively large 
to provide the necessary heat transfer 
capacity. 


The 
Fig. 1 comparison, 
The total heat load is 500 AMIw: 
feed SOOS ¢ 


three core elements shown in 


were chosen for 
MAXI 
mum temperature, and 
Upper and lower coolant te mperatures 
were set at 520 and 350° C, respectively. 
The assumption of uniform heat gen- 
the 
Inaccurate on an 
effect 


necurate 


somewhat 
but 


relatively. For 


eration renders results 


absolute basis 
does not them 


more designs, varintion in 


heat-generation rate with core height 
and core radius must be considered. 
This Wits done lor Type B and will be 
treated in the following section 
Comparison of the fou 


Table 3 shows that 


Cuses it 
core size and fuel 
and coolant holdups decrease progres- 
across the table. This is 


cipally due to four effects 


sively prin- 
increase in 
decrease in fuel- 


fuel-coolant volume 


channel size Imposition of turbulent 
flow on fuel stream, and improvement 
in geometrical design The choice of 


design would, of course, be influenced 
by the relative ease of fabrication Kor 
litt le 


the designs presented here con- 


sideration has been given to the ques- 
tion of fabrication; and the designs have 

They are, 
the 


not been fully optimized 


however, appropriate for tvpe of 


reactor under consideration, 


Temperature Distribution 

The actual temperature distribution 
in the core must be calculated considet - 
ing Variations in heat-generation rate 
height This 


paralleling the neutron flux, can be 


with and radius rate, 
closely approximated bv a simple sine 
function of the height and a zero-order 
Bessel the 


apparent from Fig. 2 on page 12 that 


function of radius. It is 
the neutron flux will extend beyond the 
core into the surrounding blanket to a 
distance of about 2 or 3 ft; depending 
on the blanket composition and thick- 
the 


in the core ts 


ness; which means that, in effect 
heat generation density 
“flattened.” 
purposes, 


lated by 


For design heat-transfer 
this flattening can be simu- 
Increasing core size, permit- 
ting the heat generation rate to reach 
zero at the extended boundaries, and 
keeping the total heat-generation rate 
inside the actual-size core equal to the 
design figure, 
Center element. 


how temperature 


shows 
the 


core 


Figure 2 
along 
10-ft 

The 

the assump- 

Coolant flow 
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varies 
central element of at 10 
with Type-B elements. curves 


were calculated using 


tions stated previously. 








TABLE 3 Comparison of Core Designs for Internally Cooled LMFR 


Independent 
Volume ratio fuel coolant 
Volume ratio yraphite oo 


Cross-sectional area of ¢ 


fuel channel, in O400 


he ynolds number ol OO) 


Sepanten Heat Exchangers 

Core diameter and height 45 7 on I 

Number of fuel channels 

Fuel velocity, ft ‘sec 

Primary coolant veloeit 
itysec 

Primary coolant residences 

Total temp. gradient acro 
radius of fuel channel 

Temp. drop across fuel fil 

Temp drop across fuel-gr 
interface I 

Avg. temp. drop acro 

Temp. drop across primar 
coolant film I 

Total fuel weight (as Bi 

Total primary-coolant we 


fis 7) tons 





through the core is regu 
fices so that temperature 

the core is the same 

in all channels (350° to 
mitigates thermal-st: 
Temperature distribut 

to the extent that a 

is assumed; Le, the 

rate wus 

a l4 > { vlit ! ‘ ‘ ‘ ne ; ture 
the total generation rate 


LO-ft core 


July, 1954 - NUCLEONICS 





ire dependent variables. 


dup. of coolant in 


pl imat \ 
\changers depends umong 
linear velocity 


ince the total 


gs, on its 
flow of pri- 

int is fixed, the exchangers 
be as narrow and long as pos- 
The 


permissible in this 


minimize its holdup. 
im length 
is IS ft. Thus, exchanger length 
considered an independent variable. 
his makes the the two 


If, by 


velocity ol 


velocities of 
nts dependent variables. 


wedure, the linear 

int is greater than is allow- 

xchangers must be shortened 

ocity of either coolant does 
ts allowable maximum. 

six exchanger designs are 

In each case, the reactor is 

gy S00 Mw of heat; the primary 

to 662° F; 

heated 


the exchanger 


ooled from 96S 

coolant is from 
tubes 
have 


tube 


and 
the 
Which has a 
15 Btu/hr/ft 


ee examples (a, 6, 


250 in. apart 


n. thick: and 
( roloy d-S1 
onduectivity of 
and €) use 
S Ser ondary coolant, and three 
ise lead (a lead-bismuth 


give results similar to 
Besides the two cool- 

ide diameter of the tubes 

dependent variable. 


the ID’s are 


and 0.750 in.; these 


odium Cases 
0.500 in 
e sume equivalent diameter 
This is why the 
the 


ith si le. 
oefficients for bis- 
varv significantly with 


holdup does not Vary 


th tube size As tube size 
thie required heat-transfer 
reases due to the decrease 
But 


relative 


coeflicient us tube 
space be- 
“USES, This compen- 
ounts for the relative 
bismuth holdup. 
the 


vreatly with tube size: 


holdup, on other 
heap and small In quan- 
rreat 


disadvantage. 
onsiderations and ease 
choice 
Tube 


mean wp- 


would influence 
round 0.750 in 
in this would 

bismuth holdups be- 
be held 


ng could not 


ral situation applies 
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TABLE 4—Heat-Exchanger Designs for Internally Cooled LMFR 


Variable 


=~ condary coolant 
Tube 1D, in. 
Total no. of tubes 
Bi velocity betw 
tubes, ft/sec 
Coolant velocity 
in tubes, ft/sec 
Bi ht. tr. 
Btu /hr/ft?/° I 
Coolant ht. tr 
Btu hr /ft?/° I 
Over-all ht. tr. 
Btu/hr/ft?/> 1 
No. of exchange rs 
Le ngth of heat 


exchangers, ft 


coetl, 
coetl 


coel., 


Diameter of heat 
exchangers, ft 
Bi holdup, tons 
Total holdup ol 
coolant, tons 
Max vel, 


coolant, ft/sec 


of secondary 


0 
8,500 


f "ANé 


Na 

500 0.25 
15,500 IS.700 
24 


10.00 


6.000 





to the three designs in which lead is 
except that the 
bismuth holdup in the exchangers in- 
tube size As 


film coefficient de- 


the secondary coolant 


creases with tube size 
incresses, the lead 
faster than the sodium coeffi- 


did. 
IS ft, the 


Creuses 
In case d, when length Is 
of the lead 


erent 
fixed at velocty 

in the tubes exceeds the set 
of 10 ft/see by 
lead 
length comes out to be 


the effect of tube size on 


miaxXinuMm 
nubout 20° In case ¢ 
velocit\ held at 10 ftysee and 


Again 
bismuth hold- 


15.6 tt. 


up is not great, but optimum tube size 


would probably he nround ; in. ID. 
Table 2 shows 


ondar \ 


that sodium as sec- 


coolant gives bismuth holdups 
also 
fold 
Thus, 


sodium 


considerably below those for lead: 
that lead 
greater than those fo 
the 
a real advantag ver lead. On 


holdups are several 
sodium 

from holdup standpoint, 
shows 
the andpoint 
the 


will 


other hand, 
of chemical IVItY, has 
since it 


wit hi 


advantage over sodium 


not react exothermallh bismuth 
or wate! 


With sodium 


requirements 


safety and reliability 


would probably dictate 
use of double-wall tubes with an inter- 
This the 
tube before a 
leak into the sodium could occur. The 
isolated 


mediate fluid. would allow 


detection of a rupture 


damaged unit would then be 


the 


proved double-wall tubes 


Irom system ond 


heat-transfer coefficients 
Table 1 for 


Aside from its lack of chemical rea 


those in single-wall tubes 


tivity, lead has another advantage over 


as radio- 


It does not become 
thus, its 


sodium 


active pipe stem 


Lead 


highes 


requires 


shielding entaus ivher 


leas 


pumping power, cost vreate! 


Corrospon problems and pDoore! heute 
transfer characteristl In the final 
secondal cool- 


bh iti 


ideration of 


inalvsis. the choice ot 


ant can be determined on 


nomic balance, with cons 


plant sufetv and reliability 


The author gratefully 
assistance of Harry H. Steinha 
from the Rensselaer Poa 
tute to the Brookhaven Nationa 


in checl tain of the 


leave 


ng ce 
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LMFR ({l}) PART VII tio —_— 
® O08} 
Behavior of steels in contact with uranium- : os} i 
bismuth solutions, effects of graphite and : a 
steels on fuel stability, and effects of addi- E 0 a 
tives on mass transfer are shown here 

















FIG. 1 Adsorption of Zr on Fe crucible from liquid Bi at 400° C 


Finding a Container Material for 
the Uranium-Bismuth Fuel System 


By D. H. GURINSKY, J. E. ATHERTON, 
O. F. KAMMERER, C. KLAMUT, 
M. SILBERBERG, B. TUROVLIN, 
and J. WEEKS 
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Convection Loop Tests 


eh-enougl ech 1) testing the materials i 
t thie =t t 
1 
Af] ' ys 
t 1} 
| ect t t () ( ( 
"Ee ee f P 
Mo, Ch, 7 | 21 i -( \I n 
C1 IPS im it 
t | ("; t 
Static Corrosion Tests 1 st 
stil ( Ot fest HhiiVe Cel Phi { ( ( ured to plug tii three 
IS3. 300. and 260 hr. The 
) test t » ( tration int it leg 
| ( | ~ ter the 300 ip Was 2 
tent \ Ors] S ve bore 


QUALITATIVE MASS-TRANSFER DATA: POT FASTER THAN LOOPS 


Convection-pot apparatus consists of filling tank, gas chamber, convection pot 
gas system, and devices for inserting and removing samples. Test samples are 
0.280-in. OD  0.010-in. wall 0.750-in. long, held on graphite tubes. 
Filling tank is loaded with Bi; radioactive test sample is placed above hottest region in 
graphite pot (475° C); nonradioactive sample is placed above pot's coldest region 
450° C); purified H» is bubbled through Bi in melt pot; pressurizing melt pot forces liquid 
Bi into graphite pot; Bi samples can be removed with pipette; at end of run, corrosion 
samples are removed from liquid and cooled; apparatus is dismantled and Bi is analyzed 
measures “cold’’ sample for 


FIG. 2 
graphite}, 


C ylinders 


for dissolved elements; gamma scintillation spectrometer 
transferred radioactivity 
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Bismuth Loop 


Corrosion of Croloy 5-Si and High-Purity Iron in a ‘‘Hot-Cold’ 


L q aid metal analysis at start 
and end of test ppm A erage 
ZI Va Samy shape; penetration 


End Start End Start End eparation 107% in.) Remarks 


OOO 480 450 300 240 100 = 350) Square; st Sample wetted ;* local attack 
ground 

2,000 450 410 240 210 350 210) Square; sur Sample wetted; local attack 
ground 

000 480 410 300) 210 100 210 irf Sample wetted, mechanical surface 
ground poor, penetration question ibole 


OOO 110 140 210 a 210 120) Square sul : Sample wetted, local 


attack 

1.000 HO 440 210 327i 210 420) Square ul ‘ Partially wetted, uniform att 
ground 

OOO 40 440 97: 95 1220 310 Round: centerless Partially wetted, looks g 
ground is received corrosion 

OOO 440 440 975 25 1220 310 Round: centerless Partially wetted, looks 
ground, annealed corrosion 

1000 440 440 275 «625 1220 310) Round: centerless No wetting, looks good 


round. elec 





ng 440 ppm U in to 350 and 250 ppm respectively. legs of this loop The data obtained 
ved a ste ady loss of Aitter allowing time tor concentra- on these samples is shown in the table. 
ution during oper-— tions of the addition to stabilize Two 45-in. IPS loops (2'4-Cr:l-Mo 
rs, the difference grapl ite Was | ted in hot’ leg have operated for 3.000 and 2,500 hr, 
hot and cold) to determine the effect of graphite respectively, without any sign 
ndicating plug the concentration of zur im, mag ging. These loops contain 760 ppt 
is shut down nesium, and uranium ily afte 250 ppm Mg, 250 ppm Zr; and SSO ppm 
ition revealed 2 hr operation sho 70 ppt U, 1,000 ppm My, 1,000 ppm of Zi 
coldest section uranium had been. los Oo respectively 
analysis loss of uranium = detected It is important to note that loops that 
romium operating 1,000 | did not originally contain magnesium 
in the | . r:l-\lo) of large bor and zirconium showe: 
and plugged in a 
large a pp ro ned ppm Art Lor penetration of the Wit 
y S00 ppm U in Bi ir, atv was shut the loop without inhibitors . 
iramium coneen- wn been fm enna lifficulties in 2,000 hr, whereas the penetration in 
QO) ppm, at which ‘roscopic: examination of the see- — the hot leg of a loop operated for 6,S00 
im and 250 ppm tioned loop revealed some precipitation hr with inhibitors was only 3 m 
Phe uranium — of aniron-chromium on the wall of ie , 
ose to 330 ppm, — the cold leg but no portion of the loop — Inhibitor Studies 
Additional ura- as plugged. The U concentration Since engineering experiments 
to bring the concen- emamed constant vhile Zr and Meg onstrated that adding zirconium 
OOO) ppm ketfect) of dropped ft Maxim penetration magnesium to uranium-bismuth solu- 
thie oncentration ol in the hot leg was n tions reduces mass transfer 
ge studied, nother loop (5-Cr:1 Si) of large anism was investigated 


gv SOO ppm U and | B50 ppm \Ig. and 250 ppm Zr has Molten bismuth containing 500 


of large bore Hany 1.7-in. ID) containing 450 ppm active tracers 


or 750 hours. operated for 9.000 hr with no signs of 1,000 ppm Mg and vai je amounts ot 


uranium loss. plugging. The first 1,050 hr were de- radioactive Zr®? was fil rough a 
vere added voted to studving the concentrations ot type-410 starnless-stec hiter into a 
feachupto uranium, zirconium, and magnesium clean, freshly pickled, pure-iron cru- 

These with time with the concentrations of all cible. The svstem was equilibrated 
the concen- three remaining constant. Dvnamie under vacuum for Ll hr at 400° C 


concentra- samples of various materials were After the melt was solidified, the 
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| | Zr were then increased placed in both the ‘‘hot” and “cold” bismuth and crucible were separated 











DETERMINING CONTAINER MATERIALS’ SOLUBILITY IN BISMUTH 
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FIG. 3. Apparatus consists of crucible (material being tested, or “inert’’ Mo or C), 
furnace, gas system, and devices for inserting and removing samples. Bismuth (450 gm) 
is placed in a 6-in.-long 1! ,-in.-diam Croloy pipe whose lower end is sealed by a chromium 
stainless steel filter; top of pipe is attached to sliding tube and is lowered into 600° C 
furnace; for 1 hr purified H. passes into apparatus, through filter and liquid Bi and is 
burned; system is evacuated; purified-gas pressure applied to liquid metal forces it 
through filter and into crucible; empty Croloy pipe is removed; crucible and purified Bi 
are held in contact with test material overnight at 600° C before test starts 
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FIG. 5 





FIG. 4. Sampler attached to sliding tube 
periodically removes specimens for analysis 
Filter is preheated above liquid level for 
about | hr; sampler is dipped into bath; 
20-psi inert gas forces liquid into cup 
sample cooled, removed; 
ature is adjusted. Complete tem 
solubility curve is obtained in 2 or 


crucible temper- 
perature- 


3 days 


under hot mineral 

Wiis analy vA al lor il ret 
Preliminary result 

zirconium chemisor} 


surface 
isotherm was obtaine 
Nig. 1. The 


the Langmuir equation 


smoot! 


} } 
] lat 


experimental aata 


lron’s solubility in bismuth varies 
from 3 ppm at 390° C to 175 ppmat725 C. 
Approximately 500 ppm magnesium addi- 
tive in bismuth does not affect iron's solu- 
bility. Effect of zirconium and chromium 
additives on solubility is being investigated. 
Knowledge of solubility is essential to 
inderstanding mass transfer and corrosion 


biol etween 1L5and 10 
Cu 2 omum round 3 
een to be close to this r 
t irve, the adsorption energ 
ited to be 16.000 ealories per 
itom of Zr; this ts cleat in the 
nge of an adsorption process 
\ onolaver of adsorbed zirconium 
‘ to in edat a ce entratior 





ol 50 ppt Zi It Hits hee I reported 
titanium in bismuth are 
minimize muss transter mn 
bismuth systems If the 


kled iron 


required to 

circulating 
, 

area of the pi 


actual surface 


crucible is assumed to be five times the 
mensured area, there would he approxi- 
mately one adsorbed zirconium atom to 
every eight iron atoms on the crucible 
surface at saturation coverage. 

These experiments seem to substan- 
belief that an adsorbed lave: 


forms By retarding diffusion of tron 
into the stream =ucl i iver might 
inhibit rosion in the hot region In 
the nd eg such a lave might prevent 
precipitation of the dissolved con- 
stituents. A higher degree of super- 
saturatio vould result with tL POssibie 
volume precipitation. This solid then 
could be transferred into the hot region 
where it would redisso ( na preter- 
ence to dissolution of the ill Sur- 
fuce-reaction studies are progress 


Convection Pot Tests 


pid sure mass 
transl 1) Using radlosotopes 2 
circulate the liquid by mvection; 
3, observe specimens during a run; 4, 
sample the liquid at any time; and 5 


introduce highly-purified liquids 


| l uns have ee TL i le Phe 
test s ples were pure iro! Before 
belny inserted in the apparatus, the 
l idiated iron samples had an activity 
( 25 ! if jl Calculated mass- 
transl ites of O.0050 r | l 


0.0062 me hr were obtained in the two 


t t he detecte t hie cold 
sumples in the twe ins I hich 1.000 
Wul 300 inesium 
{390 ppm zireoniu ere present Ip 
the t ly the tte two uns 
t! - ples ha smut! i- 
he ur { thelr it the ol thie un 
> e unilorm wetting requisite 
ng comparable esults, this 
phe ! s beer t ( and all 
rae be n samples 

++ to ert 


\ ntinuation and extension of this 
‘ : 1 to the 
te Fi 
» * « 
} } } re th . 
RS U.S 
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Boiling Reactors: 





Direct Steam 
Generation 


for Power 


Experiments prove that boiling, originally thought to 
make reactors unstable, can provide self-regulation of a 
reactor and at the same time directly transfer reactor 
heat to steam capable of driving a power-generating 


turbine. Elimination of secondary coolant system pro- 


vides economic and technical advantages 


By SAMUEL UNTERMYE 
{ \ / rhorato 
, 


an 2.000, a nuclear powel clear power is the requirement that a 


conceivably consist of a reactor be located within an exelusion 


ng core and two. wires area of approximately one acre for each 
electric kilowatt of reactor output (1). 
This formula would be inapplicable to 
so that 


mismanagement during operation could 


the plant’s output could 


is high- 


voltage electricity. 


elopment of certain tech-  areactor that would “fail safe” 
s, more conventional meth- 
used to extract useful elec- 

t 


HSSION, Is 


not possibly lead to serious failure. It 
believed that the boiling principle 


resent time, reactor heat is can be applied to provide inherent re- 


nerate steam, which is ex- actor safety. 


to produce power. ‘ 

Direct Boiling Cycle 
Direct 

the reactor vessel is the most straight- 

But 

only recently have direct-cycle boiling 

the thev 


this laboratory 


an intermediate reactor 


med necessary; now, direct generation of steam within 


ition bv boiling wate 


has been proved. forward way to use reactor heat. 


limitation on nu- 


reactors received attention 


deserve, Last summe 


( ~ 
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FIRST PROOF that usable amounts of power 
could be obtained through use of boiling 
principle was obtained with this laboratory 
cppoaratus. Electrically heated plates pro- 
duced steam velocities much greater than 
predicted theoretically 


tested an experimental reactor using 
this principle; an abridged des« 


AKC 


By cooling power reactors wit] byl 


ription 


has been released by 


ing water, cumbersome and expensive 
components of the reactor steam plant 
Since 


can be eliminated, steam ygen- 


erated within a boiling reactor is fe 
directly into a turbine, heat exchangers 
are not required. Ample coolant circu 
lation through the fuel can Trequenth 
be obtained from the natural buovane) 
of the bubbles, so that 
lating pumps may not be 


Only 


steam circu 
required 
reactor feed pulps are needed, 
about one- 
the 
the 


ing requirements of natural-circulation 


since these units are 
the 


coolant circulating pumps 


and, 


twentieth capacity ol usual 


pump- 
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$Y , 
(-— 135-Mw turbine 500 Ib/in2 gested that reactors might require 
efficiency 27% Hot woter steam . 
—_—aa— = smooth and delicate control. whereas 
if 











the very nature of boiling is rough and 


YT T T L “ 
1} 


on | | —<, } y , We , » vs 
ty Boiling water] —~ -— ] boisterous; so it was anticipated that 
Hy] 500 Ib/in2 1 the collapse of steam bubbles might i 
pete . 



















Hit] |f fuelelement || | Boulter 
iSaaG! i{i temperoture || | 135-Mw Initiate sudden unsafe fluctuations in 
——_11- f turbine 
5 or ee u : : 
500 ty il | ? efficency 27% reactivity and in power. 
“ iv | a 
Condenser- ~ ——* 2,000 Ib/in® i In 1947, during the planning of the 
. 0 boilina.f: | | 
—f no boiling, fue am 2 | watercooled submarine reactor. sta- 
_ eee element temperature a | 
r J 600°F 500 Mw / C | jility considerations were still unre- 
saad 900 0c ~Condensate | Is1der: Wel ill } 
5.000 gal/min heot 100,000 gal/min —{ eee) : , | 
Pumping power |% PuMping power ’5,000 90 ala solved wna high-pressure non oiling 
of turbine output 3% of turbine output water was chosen as the coolant for the 


‘Nautilus STR reactor 


FIG. 1. Comparison of conventional reactor and heat exchanger with boiling reactor 
supplying same turbine steam requirements 


Safety, Stability Requirements 


























A) During 1948, time was fit Vv avail- 
Pod able for the erucia thorato experl- | 
ments necessary to resolve questions of 
= 30 , ; ' 
2 c stubility safety und perl mance ol i 
o _ boiling reactors From the standpoint | 
ry) 
o 20 Sate temperature ‘ of stabilit ind safety under boiling | 
= with aluminur nal ~ ‘ ‘ -'% } -— 
vt clod fuel elements S condition actors i  «] ded into i 
S two isses ! 
E 10} 
3 1. Self-regulating reactors. An in- 
e 
. re ( hn reactor po Wer ( ises An IM- qi 
mediate decrease in react t whicl 
100 200 300 400 500 € i i hi 
Saturation Temperature r in turn reduces reactor me ( 
15 100 200 500 1000 200 ‘ Z 2. Auto-catalytic reactors. An in- 
(Ib/in? absolute team in Moderator (volume 
crease in reactor power ¢ iIses an in- 
; ; : ' cre ( nrenct it' resuit Y imdul 
FIG. 2. Temperature and pressure limi- FIG.3. Effect of distributed steam voids on 
‘ as . , : ! ! S nl ete \ 
tations on thermal efficiency of direct-cycle two types of boiling reactors (illustrative siscais A Peace : I 
boiling reactor curves) the reactor operation is not otherwise 
t t! condition 1 use the 
boiling reactors are trivial. Of course hitherto deemed practical for power re- reactor to destroy itself 
circulating pumps may be used r «le t ow-power relatively ine xpen- All the factors entering into the criti- 
sired, to boost reactor output ( nt ive feasible because many ol carequation may be flected | bomlmye 
Since steam is used directly, ul the expe! e components are elimi- and bubble formation. These factors 
of the usual thermal barriers thu nat hile reasonable thermal ethi- ire: neo! and lenkage 
the heat exchange and reactor ( ei ean be obtained with low QOrdina the largest effects of bot 
eliminated Consequently, higher eff te eratures and pressures In fact Ing are increases in: 1, resonance ab- 
crencies ean he obtained If the lI ‘ idl Whe is sufficiently COPrroe- sorptiol citat to expu SLOT) ¢ t ( mode 
same fuel temperature, while tolerabl n re tant for use in boiling reactors itor; 2, thermal utilization by expulsion 
thermal efliciencies ean be obtained t te peratures that permit reasonable ol neut n-absorbinge cor nt: and 3 
with reduced reactor pressure nd the efficiencies neutron leakage by expulsion of moder- 
temperatures (Figs. Ll and 2 t ivs easier to develop indus- itor and seatteret 
Future outlook. Ifand whenreactor — tria terest in a device that can be Change in thermal utilization is gen- 
technology permits higher react tem- test na modest scale Our nationa erally negligible for a heavyv-water re- 
peratures and pressures, We nh foreses CXIM ‘ ( . replete with examples of acto Wile change n resol nee ib- 
corresponding improvement ! “ ny ! hines that grew up from small be- sorption is trivial for lig enriched 
water reactor performance I teal ginning Thus it seems good for the reactors Leakage is less important 
could be generated within the react budding nuclear industry that a tvpe of in large reactors. Changes in reso- 
it the eritieal temperature t , 305 f t nas ivallable that can be hanes ibsorption and leakage tend to 
Ib/in®, a thermal eflieien it Durit i ze that is technically feasible make react self regulating, while the 
10°, could be obtained Wi t nancially unmanageable expulsion of a neutron-absorbing cool- 
Visage gradual advances over t eurs ant, « tx¢ would make reactol , 


in pressure vessels and corrosion te Boiling Reactor Development sis ceili 


nology until this ambitious e t | ighout the early part of the leithes vht- or hea, ter cooled 
tained. Figure 1 indicates t tent \I ttan Project, it was generally reactor can be designed so that boiling 
of improvement possible the eff elieved that sucl eactors would be will have the desired effect on reae- 
ciency of boiling reactor trate nd would not operate : tivity It is possible to construct re- 


Application to smaller units. [1 hese conclusions were certainly sup- actors so that the reactivity decreases 


Ing reactors are so simple that the I ported | nformation available at that steadily as coolant is expelled. On the 


be constructed in smaller sizes than was — time Speculative calculations sug ( 
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her hand, reactors can be propor- 





» that expulsion of the first small 
oolant only reduces reactiv- 
while expelling twice as 

int will reduce reactivity to 
roportionately extent. 
illustrated by the 


greater 
rends are 
curves of Figs. 3 and 4, 
isonable degree of self-regu- 
be provided without. seri- 
ipromising other reactor de- 
i. Thus, practical boiling 
in be designed so that steam 
will reduce reactivity and 


check. 


reactors can be 


wer in Self-regu- 


cone 


using various combinations 
oderator, and coolant, some 

vi listed in the table here. 

Steam bubbles form rapidly. 

vs are extremely important in re- 
\ost 
ve prompt-neutron lifetimes 
10 to 10 sec. If a 

lifetime of 10 


\\ Cl ine 
Time 


self-regulation. thermal 


ctor has a 
sudden increase in reactivits 
mad prompt criticality would 
ictor power to increase by a 
0.01 see. To quem h 
the 
must 


hundredths of a 


7 in 
itv excursion before 
melt, steam bubbles 
hin a few 
‘herefore, experiments were 
IQ4S (5) to determine the 
inherent in the boiling proc- 
iments of this 
nd extended by J 


H. H. Hooker, 


tvpe 
\l. West, 
and R. 


were 


ed metal tubes, ranging 
fem in diameter and from 
n length, were heated sud- 
e momentary passage Of a 


This 
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1952, laboratory 
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tion under boiling conditions. Such a 
test setup Is shown in the illustration 
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Wimune, P. Lottes, A. Ss 


and C, Soppet 


oh yp. experiments have 


Jameson, 
Ina reactor, the amount of reactivity 
controlled by steam bubbles is prob- 
ably limited, so it should be rationed 
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tions of steam void fraction to power, 
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powe! could be extracted from a reactor 
without exceeding the practical limita- 
This 
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-in. water passages with 
natural circulation. Curves calculated from 
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FIG. 7. Measured steam voids with satu- 
rated water fed to 5-ft-high section of 
!,-in. water passages (natural circulation). 
Based on experiments of E. Wimunc, A. 
Jameson, P. Lottes, S. Untermyer; data at 
600 Ib in.* from C. Soppet 
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FIG. 8. Estimated steam voids feeding 
condensate into reactor at 120° F with 
natural circulation. Forced circulation could 
be used to increase output without increasing 
temperature 


General lleetrie considers 


renetor one of the most 


nuclear powel 


BIBLIOGRAPHY 
oNtcs 12, N 


ongressional 


S. Gov 
1054 
Drahly 


heterog us 


ANL-WPB-60 (1950 














U. S. Power ; | 
actor Progr: Goal: Economic 
Reactor Program..|.. : 
o 
P in lO Y 
) 
This nation is now getting set for an all-out push to achieve nuclear power that will be com- 
petitive within the borders of the United States. The next five years will see a strong coop- 
erative program carried out by the Federal government and private industry. The govern- 
ment activity is already clearly defined and under way. Industry has set its sights and is 
moving ahead as fast as Federal law will permit. Here are details of these projects 
CONSIDERABLI OPTIMISM 1 VY eNXIst THE NINE APPROACHES efficienc utilization « tant mate- 
that the period 1959-1964 w ee CO! The approaches taken by the leading = ™"!5 fixed-cost efficiens \ low- 
struction start on the first competitive ‘ ps were explained by a representa- thermal-eflicieney plant that has a high 
industrial nuclear power plant tive from each organization. fuel efficiency might have an outstand- 
This statement is based on fact ing over-all efliciency It is in this 
see ch oe Vitek: hay Si enn Oak Ridge National Laboratory i itacaee A i 
ence of the Atomic Indust: | A. M. Weinberg, Research Director ictors havea great potent idvantage, 
in Washington, D. ¢ Successful operating experience with There appear to be three disadvan- 
These next vears will be ¢ ( f HRI has demonstrated the technical tages to homogeneous reactors: 1. etr- 
and crucial ones Rep. W. Sterling ( bilit ind innate safetv of homo- culation of extraordinaril idionetive 
Cole, chairman of the Joint ¢ miittes ut reactors Of 1,950 hr above miter Ss oat “uncomtortal ’ high 
on Atomic Energy, estimated that 80.5 t t | operated (720 hr above pressure the svstem must be abso- 
billion will have to be spent on researc] OO ky Over 24 months, liquid was lute eaktight—that this problem can 
and development over the next five reulated for 4,498) lh Top powe) be surmounted is evident from the 
vears and “perhaps an addition evel attained was 1,600 kw fact that HRE-1, whicl lated the 
lion dollars for the construetion of 4 Stabilit s inherent in homogeneous equivalent of a ton. of idium—30 
totype plants and pilot models bet weet eact systems Their negative tem cures per cm” of liquid at 1,000 psi, has 
now and 1964." General ce ptions perature coefficients make them power- never had high-pressure leak during 
of the reactors in AEC’s five ear pl lel nd respon ( To prove this operation: 2 wicked oslon prob- 
eram have been presented NI Nia HRiE-L was operated at low power and if - Wanvi sullate is sti u acid at 
"D4, p. 72 the fuel solution is sudden wled high te eratures; 3, ] is attend- 
There are many different eas t Power level spurted by a int upon the handling of fluids and 
to what the best approach to 1 ( factor of a million within a few milli- materials arise because of the desire to 
power is. In faet, one info po Seco! but then it settled down toa have a “simple” svstem—even so, the 
showed SO different ideas \ \l te tate level materials-handling proble ire not 
Weinberg, Research Directo it Ont ‘ rietv of species of homogene- is sever s those of mec design 
Ridge National Laboratory, put it t 1 eactors depends on the solvent ; ; eee 
WH maeil i: ieneiialiiaias Maia Maik eamaiy Westinghouse Atomic Power Division 
Never has there been a techr ¢ he ter, or one of the liquid metals C. H. Weaver, Manager 
where each step has been si HH ter | idvantages from thi Westinghouse is designing the reac 
ind vet where there have beet mal nu r point of view, but it boils at tor and primary cooling ut for this 
eloquent) protagonists for ¢ ( 00° © and its eritical temperature ts count s first large-scale atomic powe 
tor) scheme. But it is not ¢ uence 7D” ¢ plant, the PWR 
that will determine succes ! thr The trend toward high the ( We ere given the geners 
skill of the protagonists Rat he encies has been motivated by the de- | specifications for PWR: 1, at least 60 
cess will be determined by the out e te educe the effective cost of tuel \lw of electric energ) 2 olt-watel 
the protagonists. Some ! that particu nthe case of con But cooled-and-moderated she ~nriched- 
don’t look too good today will turn out the fuel cost (and thus, steam cost uranium reactor; 3, 600 psi (sat 
successful beesxuse of the ! ( extremely small, then low pressures higher steam: 4, fuel-element life as long 
vressiveness of the peopl juite sutisfactors s possible between rey essings; 5, re- 
This meeting, the Forur é mal eflicienev is not the only eri- fuel with minimum shutdown period 
saw considerable vigor dis} ed t Consideration must be given 6, simplified reactor cont =: 7, central- 
advocates of the principle tel r t elements of cost. e.g., such things station tvpe generating equipment: S 
ing developed irnup, chemical processing, and onventional steam. elect ind othe: 
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All components will be de- 
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» reactor decay heat after 
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reactor outlet pipes, 
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and saturated steam 
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Atomic Industrial Forum 


Sponsor of the 


Forum is now a going organization, 


meeting reported on these 


pages, the Atomic Industrial 
It has held two highly 8 ecessful 


well-attended mee lings, and has others plan ned for this year. 


In addition to holding meetings, the Forum is now an official 
q q Al 


de positor / librar - 
books and literature. 


Membe rship in the Forum is growing rapidly. 


LEC 


Tt will supple ment AEC documents with other pe rtinent 


The j recently passed 


the 118 mark on organization members. 


Information on its activities can be 


York 16, NV. ) ° 


Madison Ave. Ve iu 
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obtained from the Forwmn at 





more than 10 tons of slightly enriched 
The be 
protected by a corrosion-resistant mate- 
to the 


contaminated 


uranium. fuel elements will 


rial designed prevent coolant 


water from becoming 
with particles of uranium and fission 
products. Maximum surface tempera- 
ture will be less than 636° F. 

The reactor container, as well as the 
entire plant, is being so designed that 


fuel elements of various shapes and 
materials of various types can be used 
the first 


which 


in cores following after 
The vessel 

the 

accommodate phi 

than the first one This 


sist of carbon steel clad 


eore, 
reactor contains 
core, Will be built large enough to 
cores sically bigger 
shell will con- 
with stainless 
steel. The eylindrical wall of the ves- 
sel will be penetrated by the four inlet 
and four pipe outlet connections for the 
four main coolant loops A contract 
for the design and manufacture of this 
vessel is being negotiated, 
Steam generators will consist of two 
the heat exchanger 
The 
consist of a bundle 
the of 
welded into heavy tube 
The entire be 


Pi 1mnary cool- 


major components 
the 


heat exchanger will 
steel 


portion, and steam drum. 


of stainless tubes, ends 
which will be 
sheets. assembly will 
enclosed in a steel shell 
ant will flow inside the tubes. Steam- 
plant feed water will be converted to 
steam as it flows upward over the outer 
surface of the tubes. The steam will 
rise to the steam drum where it will be 


by 


steam 


through a 
The 
will leave the steam drum at 600 psia 


dried passing conven- 


tional separator. steam 


saturated. We have placed firm price 
orders for the generators. 
Foster Wheeler will build two 
and Babeock and Wilcox Co. will build 
The relativels 
cost of splitting this order is more than 
the of 
knowledge to be gained, since the two 


four steam 


( orp 


two. small additional 


justified on basis additional 


companies are using designs that differ. 


The pumps will be single-stage cen- 


units driven bv induction 
the Use 


canned motors permits elimination of 


trifugal 


motors ol canned type ol 
the maintenance and leakage problems 


likely to 


seals 


be encountered if rotating 


were emploved. Westinghouse 
Atomic Equipment Department is de- 
sighing a prototype pump and motor 
The PWR pumps will involve 


ol 1.000 


an out- 


put about hvdraulie horse- 
power, and an input of about 1,200 kw 
coolant stop valves will be 
\t 
these valves will be designed to permit 
They be 


sealed and will function hy- 


Primary 


of the gate type. ist of 


remote operation, will her- 
meticalls 
draulically. A prototype main coolant 
valve is on order from the Crane Com- 
pany. The primary coolant svstem’s 
stainless-steel pipe will have an outside 
diameter of about 1S in 

The reactor and heat exchangers will 
be loeated underground in conerete and 
steel These 


structures will provide protection to 


structures, underground 
operating personnel and the surround- 


ing area in addition to the many pro- 


tective devices in the reactor itself 


North American Aviation, Inc. C. 
Starr, Director, Atomic Energy Re- 


search Dept. 


The present conception © sodium- 


graphite-reactor central station plant 
sodium 
vith the 


below 


includes primary and second 
systems and a steam boil 
steel tank 


reactor located in a 


ground level. Uranium fuel elements 


are suspended vertically in channels 
through which the sodium circulates 
Each fuel cell consists of graphite in : 
metal can with the coolant channel at 
the center. The assembly 
fills the tank. Liquid sod 
the bottom of the tank at about 500° F 
and leaves the top at 900 


Because the technology 


completely 


im enters 


1.200° F 
of handling 


liquid sodium at high temperatures is 
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the light-water-moderated-and- 
the 


are (a) 


| General Electric Favors these Power Reactors boiling reactor and (b 


cooled 
| - : graphite-moderated light-water reactor. 
Cost both 


types of reactors in the table, along with 


Boilina-reactor Coa Graphite- estimates are shown for 


/ 


Pp ant plar reactor plant 


= : - costs of a coal plant. 





Plant data We have many reasons for being very 
Electric uutput (net capability 300 Mw 300 Mw 700 Mw enthusiastic about a light-water boiling 
Plant util. factor 0.5 0.8 0.85 reactor. Not the least of these include 
Steam temperature 150° F (sat 1,000° I 875° F (sat the many similarities of this plant to 
Pressure so hoe: abs. 121 1,400 ity conventional steam plants Its adop- 
Net plant thermal eff 24% 30 ‘ 23 % : 
SO RE 1.250 Mw 857 Mu 2000 Mu tion by the electric utility industry 
should be relatively easy. The mod- 
Investment 
Pinalnal ¢ $195 /kw $140 kw $214/kw erator and coolant are both ordinary 
—S 9 » water which the industry is used to 
Engineering 15 11 17 handling. Chemical separations plants 
Startup 14 7 17 are not necessar\ The boiling reactor 
Nucl ( entory 17 0) 28 has demonstrated safeguard advan- 
$243 kw S160 ‘kw S277 kw tages so that operating companies 
Power cost should be able to choose plant sites 
Fixed charges 1.65 mills/kwh 3.0 5.2 available within their systems 
Operating cost 0.70 0.5 0.0 Fuel costs in this reactor include the 
Fuel 1.35 3.4 1.0 estimated cost of enriched uranium, 
ota 6.7 mills kwh 6.9 O.8 the cost of other materials which may 
( am BTI be used, and the fabrication of com- 
plete canned fuel elements PnapervVieus 
to water. The most important as- 
) s made for fuel processing. cost would be reduced to about 10) sumption, however, is the exposure 
Tot nvestment in a 50-Mw plant = mills/kwh. A 3800-Mw plant, using = which is necessary for this fuel element 
estimated at 83S-million or 8760/kw — two turbines with a single reactor, has to reach before it has to be discharged 
gross t When size is increased — a still lower capital cost per kw. Re- from the reactor. An exposure of 
t 150 \ capital cost becomes cent information indicates reduction in 10,000 Mw = davs ton is issumed 
S60 or S400, kw cost of DoO. Tf a 300-Mw plant were = This is equivalent to 1°% burnup 
We use init costs for | 1D).0, Zr built with cheapel 1.0 and less costly The other reacton tvpe shown in the 
( ition that are relatively fuel-fabrieation, it could become at- table is a direct descendant of the 
Ons tive Unit cost of uranium, — tractive, perhaps as low as 7 mills. graphite-moderated water-cooled reac- 
Was a typical value used In the meantime, Nuclear Power tors with which we have been producing 
by others making evaluation studies. Group is turning its attention to other = plutonium at Hanford since 1946 


designs whose full-s« ile fe isibilities are Thus the eost estimates mn the table are 


to hold 


due to its high price, 


less tangible but that appear derived from actual construction ex- 


The 


irge portion of the capil 


basic engineering 1s 





ta t Fabrication of zirconium 
nt ( ents is a taeto upon 
h no firm price can be established 

t basis at this time. 

It issumed that fixed charges 
vere 15¢7, that fuel could be irradiated 
to 10,000 Mw-days ton,= and there- 
ifte id have no value. With 
these ptions the 50-Mw plant 

ild oduce power for about 22 

il the 150-Mw size for 12 

I} plant could be built: now 

( ed successfully However, 

ts t gures are not competitive 

t ( rom modern coal-fired 
plant ! ho proposal has been made 

tion 

The tual picture is more optimistic 
because the re so many opportuni- 
ties fo t reductions If the plant 
vere increased to 200 Mw, production 


ol uraniul 


240 000 000 kw 
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erent promise for economic il power gen- 
We are 


reactor design and conte Inplating pre- 


eration. beginning a boiling- 


liminary homogeneous reactor study, 


F. K. McCune, 
General Manager, Atomic Products 


General Electric Co. 


Division 
We believe that: | 


ies will be owning and operating a num- 


electric Compan- 


her of atomic power plants within the 


next ten vears; 2, some of these will be 


full-seale and will yenerate electricity 
within 
this 


( mevern- 


at competitive costs, possibly 
five 


will be accomplished 


certainly within 10 vears; 3, 


\ ithout 


ment subsidy for production plant 


construction or and with 


operation 


Government supplied fuel priced at 


cost-of-production levels ! two nu- 


reactors best earliest 


effective 


cleat suited for 


and most competition with 


conventional fuel plants in this country 


perience, 


essentially done, 


Monsanto Chemical Co. -P. Powers, 


Director, Atomic Project 


Ideally, a 


three sources of income: 1, 


vield 


heat to pro- 


power reactor Wi 


duce electricity; 2, nuclear fuel; and 3 
chemicals produced by radiation (poly- 
mers, penicillin, ete 
Radiation-production of chemicals is 
considered an important economic fae- 


MIueh ol the \lons nto rroup’s 


to. v 
effort is along this line 


fevenue ft 
R 


om 


sale of radioisotopes is considered to be 


of negligible economic importance 


\Ionsanto considers sodium-graplhite 


reactors and pressurized-water reactors 
suitable for construction soon With 
either system, the production of power 
plus Pu or U could give the govern- 
ment a good deal on its fissionable ma- 
terial purchases END 
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Scintillation Counting 





of Natural Uranium Foils 





Advantages of this technique for measuring reactor flux distribution include: 


* Foils, incorporated in fuel, do not affect fuel-element geometry 


* Neutron spectrum corrections are eliminated 


* Scintillation counting rate is faster than that of G-M counting 


By ROBERT C. AXTMANN®* and JAMES S. STUTHEIT’ 


irgonne National I 
Lemont, I 


FISSION-PRODUCT ACTIVATION and | 

capture activation of ur 

have been separated by 

Nal(Tl) seintillation 

eter. With this method 

determine the spatial dist 

the fission-producing and 

epi-cadmium flux captured l 

portions of a reactor neutror 
Special problen 

ing these mensurements b 


tivation method In 


piles, the pertinent fission ! the G-Mt 


flux measurements wre nm thre 
since both the magnitude 


spectrum of the flux 1 


ferent even a short 

moderator lt the to 
the fuel, howe er, two 
culties arise | the 


holder may affeet the flus 


that this flux 
the thermal flux and ther 

the latter \ variety of 
such as gold, indium, copp ( 


ganese, are exposed, al 
heta setivities are measu 
walled G-M tubes It 
resonance rbsorky : howe } t ; 
culties are encountered 


detailed mi 
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tivity vs time serves to normalize all 
foils in a set to a predetermined time 
after irradiation. If it is impossible 


to obtain standard irradiation times, 
the set 


“standard foil” and its activity is fol- 


one toi out ot is used as a 


lowed closely during the counting of 


the entire set, on the same or similar 
ipparatus Using the same appara- 
tus, of course, tends to cut down the 
total number of foils that may be 
( Inted 
Le Ist the high counting rates 
hts e with seintillation counters, 
is forty foils may be counted 
il re ur with 1 or better sta- 
tistics Since the absorption cross see- 
tion of 0.5 gm of natural uranium is so 


ess than one-tenth that of a 


ler Lem & 0.005 in. indium foil 
the t ti used im such measure- 
ents great many such foils may be 


moderator of a pile with- 

it appreciably depressing the flux. 
Such a procedure is advantageous when 
irate measurements of thermal uti- 


; ’ Pitty 


length are made, 


} ’ 
silt 


Resonance Flux 
that sare used for 


ng fission-producing flux miay 


The same toils 


be used to determine relative values of 


thie esonance flux, if the amount of 


{ t ipture activation — is 
subt ted The measurement is, of 

rect the foils are cadmium 
( he fission-product and U 


ire a lowed to decay for three 
The window of the differential 
( | naivzer ol 


the cry stal 


then set on either a 


characteristic X-ray or on the photo- 


line of one of the y-rays arising from 
the 2.33-day decay of Np’. 

The graph on this page shows a spec- 
tral curve taken with the scintillation 
spectrometer on a sample of natural 
uranium metal three days after irradia- 
The large peak, near 100 
Kev, is the sum of two X-rays very 


tion ina pile. 


close together reported by Sliitis (8) as 
having energies of 97.3 and 98.3 kev 
and being the L and M lines of the A, 
At the left side of 
this peak is a small bulge that appears 


radiation of Pu 


more plainly if greater amplification is 
used. This bulge is probably due to 
the combined photolines from the 61 
and 67 kev Np The 
two peaks to the right of the largest 


gammas of 


one are the photolines from gammias at 
0.206, 0.275 Mev. The 
0.206 and 0.227 Mev lines are not re- 
The O411-Mey 


Au'®*® is shown as 


0.227, and 


solved. line from 
i dotted calibration 
line. 

Any of the three m 


in the left-hand curve of the illustration 


Lor peaks shown 
used for relative 
An experiment to check (1) 


the absence of apprer inble fission-prod- 


may be measuring 


activities, 


uct activity after three davs and (2) the 
proper half-life of Np*** decay was per- 


formed as follows: a natural uranium 
pin was exposed for 20 min in a thermal 
Its activity 

n three to 
six days after irradiation. 


The 
j 


cedure is to set the window of the dif- 


neutron flux of 5 & 10°. 
at 100 kev was followed fro 
pro- 


ferential pulse height analyzer and run 
the 


is then set at 


activity vs bias until 


The b > 


a curve of 


peak is found. 




















this value and a count made \ least- 
mean-square fit ol the data 
2.316 0.016 days for the half-life. 
Wahl and Seaborg report 2.33 days for 
this half-life (4). 

Also shown in the graph below is a 


guve 


spectral curve of an enriched uranium 
oxide impregnated plastic foil that was 
irradiated at the same time in the same 
flux used to obtain the data with the 
natural uranium pin. This curve was 
also taken three days after irradiation 
so that the results of both speetra are 
It is worth not- 
peaks occur 


directly comparable. 


ing that although many 
from various fission products, none of 
them are at the energy of the 100-key 
line of the Np? the 


geometries of the two foils (natural and 


decay I rom 


enriched) and the relative amounts of 
U** in each, calculations show that the 
fission-product contribution is less than 
1°, when the spectrometer is set on the 
LO0-key 
three 


line from natural uranium 


That 


interierence 


days after irradiation 


there is no appreciable 
from fission products is further borne 
the 


ured the expected halt le to an high 


out by experiment that) meas 


precision 
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7h auth ‘ i th 
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SPECTRAL CURVES taken 3 days after irradiation; Au'’* given for calibration. 


At left, Np 


‘ activity obtained with natural- 


uranium pin; fission-activity curve at right taken with enriched uranium oxide impregnated plastic foil 
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Standardization of Beta-Emitting 


Results obtained with these methods at the National Bureau of Standards 





— 
TABLE 


b —n 


-NBS Standardization Methods 





r 


Nuclide 
L 


ps 


[ 13! 


+ * 


Primary standardization 


Accuracy 

Counting method (%) 
inf +1 
inB +3 
9 
inf +2 
—] 
3-y coincidence +1 
y~y coincidence +1 
cx gas G-M T 
inf +4 
—2 
ixB +2 
—] 
ir8 +3 
2 
3- coll | T 3 

t t { 

i } 5-10 


Secondary standardization 


Counting method 


278 ionization chamber 
Formamide counting 
2r8 ionization chamber 
try ionization chamber 
Formamide counting 
try ionization chamber 


Formamide counting 


Formamide counting 
278 ionization chamber 
Formamide counting 
2r8 ionization chamber! 
Formamide counting 
try ionization chamber 
) 


2rpB 1oniz 


ition chamber 





Accuracy* 
(%) 


noemananacnemanennones | 





+0.3 
+] 
+0.3 
+0.5 
r3 
+05 
+2 





. were compared with measurements made at laboratories in the 


Canada, and England to provide more accurate standards 


By H. H. SELIGER 
National Bureau of S 
U’. S. Department of ¢ 
Washington, D. ¢ 


FOR SEVERAL YEARS on 
activities of the Radi 
of the National 


has been 


t programe it 
and Improvement 


velopment 


ods of st nied irdizat aD | 


gration rates of radioact 
This paper deseribes the 


techniques thus far ce 
primary and secondary 
and the chemical tech 


in the preparation ot 
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Nuclides 


FIG. 1. NBS 470 counter; counting volume is divided 
by Al diaphragm, each part having its own collecting wire 








NA rai 














Collecting loop~__ ; i RF 
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g — 
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counter standardization of P I! 


PRIMARY STANDARDIZATION METHODS 


With the exception of C', all of the 
nuclides here reported have been 
standardized by the 4a proportional 
counting method described by Seliger 
and Cavallo (1) and further refined by 
Mann and Seliger (2). 


47 Counting 


The NBS 42 counter is shown in Fig. 
1. The counter consists of two halves, 
each with its own collecting loop. The 
counting volume is divided into two 
halves by a thin aluminum diaphragm, 
so that each hemisphere acts as a sep- 
arate counter. When a= source is 
mounted on the diaphragm between 
the two halves, the geometry is essen- 
tially 47 


lowed to dry on a thin film, which is 


In practice the source is al- 


then placed over a small hole in the 
center of the aluminum diaphragm. 
\Iethane is used as a flow gas at atmos- 
pheric pressure. The counter is op- 
erated in the proportional region; high 
voltage is supplied by a precision high- 
voltage supply (3). The ionization 
pulses are amplified in nonoverloading 
linear amplifiers (4, 5), which have 
been found to be ideally suited for pro- 
portional counting at high overloads. 
The 47 counting method is the most 
generally applicable method of stand- 
ardization, since it is independent of 
the complexity of the decay scheme of 
the nuclide involved. Cascade gamma 
idiation only adds to the original beta 
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ionization pulse since it occurs well 
within the resolving time of the pro- 
portional counter and amplifier com- 
bination. In evaluating the 4a count- 
ing method of primary standardization, 
three separate factors are considered : 
(a) the counting efficiency, (b) the ab- 
sorption in the mounting film and (ec) 
the self-absorption in the source. 
Counting efficiency. The term 
“counting efficiency ”’ refers only to the 
probability that a beta particle, emitted 
into the sensitive volume of the coun- 
ter, will be detected as a pulse above 
the noise level of the amplifier output. 
The capacity of the 4a counter, to- 
gether with its lead-in wires, determines 
the amplitude of the voltage pulse pro- 
duced by an ionizing event inside the 
counter. From estimates of the ca- 
pacity and of the gas amplification, one 
is able to deduce the minimum amount 
of primary tonization necessary tor an 
ionizing event to be detected by the 
amplifier. Approximately six ion pairs 
are required, corresponding to a low- 
energy cut-off of 200ev. Inthe energy 
spectra of the nuclides here considered, 
the relative number of electrons with 
energies below 200 ev is. negligible. 
155 


kev), only 0.2% of the beta particles 


Even in the case of C'* (Buna 
emitted have energies less than 200 
electron volts. Therefore, it is as- 
sumed that the low-energy cut-off in- 
troduces negligible error into the 42 


Co, Tl?**, Sr“-Y"" and Au 

A more serious loss in counting efh- 
ereney is exused by the use of a non- 
conducting film as a source mount, 
Since the positively charged collecting 
wires are not completely shielded from 
each other, there exists between them a 
region of low collecting field. In this 
region, which contains the source, free 
electrons move slowly and recombina- 
tion can occur with high probability. 
Thus beta particles may not be de- 
tected unless they have sufficient en- 
ergy to ionize outside of this low-field 
region, 


, 


“\iirror-image’’ measurements 
can correct for the efficiency loss in the 
case of the nonconducting films. How- 
ever, the use of conducting films as 
source mounts has eliminated the low- 
field region completely. The count- 
ing efficiency is now better than 99° 
and is assumed to be 100% 
Absorption in the mounting film. I! 
the effeet of backscattering from the 
thin film is neglected, 7, the fractional 
absorption in the mounting film (7) is 


given by 
? Vi — Nn)/(Nt \, | 


where NV, counting rate in the top 
half of the 4% counter, .V, 
rate in the bottom half of the 4x coun- 
ter, and Vy 


and bottom halves connected in parallel. 


counting 
counting rate with top 


A more exact expression, using sand- 


wiched sources and neglecting only sec- 
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) 


ond-order backscattering effects (2), is 
given by 


where the primes refer to observed 
counting rates measured for the sand- 
wiched source. The sandwich method 
of determining film absorption is also 
used by R. C. Hawkings (6 

In Eqs. 1 and 2, 7 is determined from 
the difference between two large num- 
bers, which are nearly equal. ach of 
uncertainty of 


these numbers has an 


probably 0.59%. Henee, since 7 is 
small, the spread of individual values 
as 50%. The 


is therefore applied 


for rt can be as great 
average value of 7 
to all data. 
the 
mounting film is not greater than 0.5%. 

Self-absorption in the source. 
absorption in the source is the limiting 
the of the 4a 
method for the standardization of Jow- 
It can be mini 


The uncertainty due to 


correction for absorption in the 


] 
pell- 


factor in use counting 


energy beta emitters. 
mized but never completely eliminated 
All the 


amount of self-absorption depends on 


other factors being equal 
the energy spectrum of the nuclide in 
question, being greater for the lower- 
energy beta emitters. 

It is to add « 


solution of a radionuelide to 


hecessary rier to 

ensure 
proper chemical behavior and to pre- 
vent appreciable loss of activity by 
adsorption. The amount of carrier to 
be added usually depends on the num- 
ber of unstable nuclei and the chemical 
In the 
case of P**, the earrier is a solution of 


0.001M H,PO, At this 


tion, adsorption is negligible 


affinity of the radioactive salt 


concentra- 
and the 
solid material introduces practically no 
self-absorption in 4a counter sources, 
This is due to the fact that there are 
relatively so few low-energy beta par- 
ticles emitted by P os 1.71 





TABLE 2 — Effect of Source Preparation 
on 473 Counting 


Preparation ps 


ethod 
evaporated SrCls, SIS f 
evaporated YC] 


Precipitated SrilPOs,, SOL 9 
evaporated ¥Ci 
Precipitated SrllPO, Soa Ss 
I 
precipitated YOu 
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FIG, 2. 


Electron micrographs of | 


Ne \ 


SOUTrCe 


Those that are absorbed in the 
represent a very small percent- 
f the total number emitted. 

However, in the case of Co" (E 
510 kev), the carrier does introduce 
self-absorption in 4a counter sources. 
In addition, the amount of self-absorp- 
tion depends on the chemical method 


of sou 


t 


ce preparation, as illustrated by 


i results of 
\ se 


were 


the following experiment 
ries of da counter sources of Co 

prepared by delivering identical 
aliquots of a master solution containing 
CoCl, to thin-film souree mounts. 
All sources were dried completely by 
Then half of the 
random were redis- 
the addition of 
water and were placed, together with a 
mall beaker of NH,OH, inside a desic- 
The cobalt 


4 complex cobalt-ammonia 


evaporation one 


Sources chosen at 
solved by a drop ol 


cator precipitated as 
molecule 
Next, all sources were measured in the 
tr counte! 

The half that had been evaporated 
to dryness gave results 5-10°% lower 
thanthe half that had been precipitated 

NH,OH. In addition 


obtained from the precipitates ol the 


vit] the results 


Obalt-ammonia complex had a muel 
smaller standard deviation than the re- 
obtained the 
Besides the lower self-absorp- 
had 
uniform deposit than evaporation 
To show 


sults from evaporated 


Sol 


tion, precipitation 


| more 


given a 


this more directly, auto- 


idiographs were made of all sources 
lhe 


‘ wmoration showed one or two 


I idiographs ol sources prepare d by 


ntense spots along the periphery of th 


ginal liquid drop, while radiographs 
recipitated sources showed a diffuse 
the 


rigin il liquid drop. 


entire area of the 

The CoC! 
evaporation of the water, had ervstal- 
This, 


rkening ove! 


upon 


t out at one or two points 


source; chromium-shadowed 4: ] 


coupled with the fact that Co emits a 


fairly large number of low-energy beta 


parti les, gave rise to the self-absorp- 


tion losses obser ved. 


The precipitates 
of the cobalt-ammonia complex, on the 
other hand, were distributed uniformly 


over the original area of the 


liquid 


thus giving a minimum of 


drop 
self-absorption. 
As a example of the 


further lmpor- 


source preparation 
to those 


for the ease of Sr’’- 


propel 
propel 


Table 2 shows results, similar 
of the Co 
YY", The 


shown More 


sources 
eflect) of precipitation is 
the 


daughter is 


strikingly as_ first 


parent and then the 
precipitated. 
These 


ment with 


results are in complete “ugree- 
the same 
with ['!, In the 
with 7 micro- 


previous work of 


nature performed 
experiments electron 
representative 
AgI and KNO 
a drop of AgNO 


solution to a drop ol KI solution con- 


Ss made of 


, 
rraphs were 
reas Of precipitates ol 


by adding 


formed 


taining the active iodine. Figure 
shows 4:1 chromium-shadowed mi- 
crographs the total magnification 


s 40,000. The precipitated material 


forms lumps of varying size, which oc- 
CUup\ less than half of the total area. 
Although the lumps are quite small, 
much smaller than crystals formed 
upon evaporation, there is a residual 


l orption due to the finite size. 
Table 3 the 


procedures used for the preparation of 


summarizes chemical 


sources tr counting as well as the 


estimated self 
Phe correcti 


absorption corrections. 
ms are based on observa- 
is of particle sizes made with high- 
power optical microscopes and electron 


Microscopes They also take into con- 
sideration the energy distributions of the 
emitted beta particles and the variation 


ption with the atomic numbers 
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TABLE 3--Source Preparation and Self-Absorption for 47 Counting 


Volume 
ered to 
rce mount 


5 ml Dry in air 


Preparation procedu ‘ 


Estimated 
¢ f-absor ption 
/ 


correction 


5 ml Add AgNOs, dry in ait 


ml Dry, add water, dry in NH 
5 ml Dry, add H.Os, dry, add H,On», 


atmosphere 


atmosphere 


dry in NI 


> ml Dry, add H3PO,, dry, add H.O, dry in NI 


atmosphere 


05 mi Dry in air 





constituents of the precipitates. 
ge uncertainties are due to the 
distribution of lump sizes and to 

veling of electron ranges. It 


be emphasized that the correc- 


tions given are valid only when self- 


absorption has been reduced to a 


munimum 


Coincidence Counting 

The coincidence technique presents 
problems in source prepara- 
d in the 4a counting tech- 
the source need only he 
omponent of the cascade. 
etice a scotch tape sand- 
f the evaporated source, mounted 
geometry relative to the co- 

e counters, is adequate. 
coincidence counting. In the 

lence measurements on Co 

nthracene was used as the 
ind thallium-activated so- 
Nal( TI 


inthracene was polished 


was used as the ¥ 


it ¥ pulses could be dis- 
gainst in the 8 channel 
idence analyzer. In sa 
the acceptance level of 
rie of the coincidence an- 
sset high to exclude lower-en- 
| radiation. There were 
rrelation corrections re- 
3-y coincidence technique 

» the Co® and Au!" radio- 
coincidence counting. In the 
ce measurements on Co, 

both 


eeptance level ol 


detectors. 
hn ith 
exclude 


used in 


set high to 
seattered radiation, 
made at 90 and 1SO deg 


for angular correlation 


te solid angles subtended 


il ervstals 
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In those where the decay 


scheme of a nuclide ts 


CuSCS 
ua simple P-y cus- 
cade, the coincidence method of pri- 
mary standardization is more accurate 
than the 4r counter method However 
the decay scheme must be known auc- 
branching 


curately, Uncertainties in 


ratios or in the knowledge of internal 


conversion coeflicients introduce un- 


certainties into the measurements re- 


gardless of the precision obtainable 


As the name lmplies the method ean- 


not be used for pours beta emitters such 


AS phosphorus 32, carbon-14, thallium- 


204 and Sr“’-¥ 


Internal Gas-Counting 
The 

beta 

method is subject to large 


standardization of low-energy 


emitters by the 4m counting 
ge uncertamties 
due to self-absorption, even in precipi- 
tuted sources. The internal gas count- 


ing method avoids the difficulties of 


source preparation by introducing the 
active material as a part of the filling 
gas. Manov and Curtiss (7) at the 
National 
this method to the standardization of 
C™. They 
rangement similar to that of Hawkings, 
Hunter Mann (8-10) at Chalk 
River. 

{ measured volume of NasCO 


Surenu of Standards applied 


used an experimental ar- 


and 


solu- 


tion containing C' was converted 
quantitatively to CO. in an evacuated 


The C 


then mixed with aceu 


svstem. -contauimimng CO. was 
itely known vol- 
umes of CS. and inert CO. to make up 


Gi-M 


known 


the filling mixture \ series of 


counters were then filled to 


pressures with the filling mixture. 
The observed net counting rates for the 
G-M counters, related back to the orig- 
NaeCO 


gave the disintegration rate per 


inal volume of the solution 


unit 


volume of the C'4 solution 


The counters were operated in the 
Geiger region and it was necessary to 
use an external quenching circuit with 
insensitive times of the order of 1,000 
usec, 

End effects. 


the disintegration rate per unit volume 


To calculate back to 


of the original C'' solution, it was im- 
portant to know the exact sensitive vol- 
ume of the G-M counter Due to end 
effects, a G-M 


counter does not coincide with the eath- 


the sensitive length of 
ode length. The effective lengths were 
determined by a substitution method 
as follows: 

Two counters were constructed from 
the same diameter tubing so as to have 

The 
all dimensions 


than 0.056 


identical cross sections lengths 
were made different and 
were measured to bette 
The lengths of both counters were sev- 
eral times greater than their diameters 
and also greater than the range of the 
most energetic C™ beta particle. Un 


der these conditions the end effects 


function only of the enxthode 


cathode 


were a 


diameter. Since the diam- 
eters were made equal, the end effects 
for the two counters were the same, 


Also since the counters were filled to 
the same pressure at the same time, the 
difference in reading between the long 
short 
rate that would have been obser 


an idenl G-MP counter 


ounting 


ved for 


ana counter gave the 


no end ef 


differ- 


two 


wit! 
fects and whose length was the 


ence in length between — the 
eounters 

Wall effects. I. 
recently made some calculations on the 
(i-\I counters 


tion of the 


Costrell (77) has 


efheieney of 


by that 


loss of 
caused small fre 
disintegration electrons that strike the 
cathode without producing any 


This 


wall-loss”’ is 
inversely proportional to the pressure 


pri- 
mary 1onization 
the counter diameter and the primary 
specie tonization 

On the basis of Costrell’s qualitative 
calculations, the 1,280 dpsml figure 
obtained by Manov and Curtiss should 
be revised upward by several percent 
However, even larger discrepancies in 
disintegration rates determined by CO.- 
reported by 
It is 


Cs. counting have been 


other laboratories (see Table 10 
felt that further work must be done on 
the determination of the disintegration 
rate of the NBS C'! 


therefore the 1,280 dps mil 


and 


ampoule 
alue should 
be retained as an arbitrary reference 


number until « final value has been 


obtained 
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SECONDARY STANDARDIZATION METHODS 


Soth a 278 ionization chamber* 


a 4rry ionization chamber (12 


been in use for secondary standardiz 


tion since January 1953. In addition 
| 


a method of relative counting of liquid 
samples of C'™ using formamide (13) is 
being adapted to the secondary stand- 
ardization of the other beta emitters 


In all of 


standard, prepared by 


these methods, a primary 
Ir counting 

used to calibrate the counting cham- 
will now deseribe in 


bers, which we 


detatl. 


273 lonization Chamber 


The 278 tonization chamber 
in Fig. 3. The body is a sphere 
proximately 6 in. in diameter the 
base of the sphere is a evlindrical shoul 
smoothly over the 


der, which slides 


source mounting ring. The center of 
the source-mounting ring is recessed to 
hold reproducibly a 1-in.-diameter disk 
on Which an aliquot of the active soli 

tion is evaporated. The length of 


'c-in.-diameter brass collecting ele 

trode has been adjusted empirically se 
that a point source of beta rays can be 
displaced slightly from the center of the 
iffecting 


This 


no error 
I 


source-mounting ring without 
the observed ionization current 
ensures that there will be 
troduced into the secondary stan 
ization due to off-center drying of s 
tions delivered to the disks 
Current mensurements are 
Lindemann-Rvyerson electrom- 


nethod 


with a 


eter im oa rate-of-charge null 


14). The background current is less 


ndebted to Dr. S. Bs 


mspital for this «le 





TABLE 4- Background Equivalent Activ 
ity for NBS Secondary Standardiza 
tion 


Oo OO] 0 OO] 
0 OO] 0 OO} 

0 OO] 

1) OO] 
0 OO] 
0 OO] 
0 OO] 


0 OO] 


0 OO] 





than 5 &* 10°'° ampere. As an indica- 
tion of the sensitivity of the secondary 
chambers, the term “background equl- 
activity”? (BEA 

The BEA is that activity of a 


nuclide that produces an 


ilent is especially 
useful 
radioactive 

rate 
In the 


‘is 30 dps 


ionization ecurrent or counting 
jul ilent to the background. 


the BEA for P 


tf summarizes the BEA values of 


278 chamber 
Table 
the secondary standardization cham- 
bers for the nuclides here reported. 

standardized by 


Ra D+ EK 


which is placed in the same 


sources ire come 


ith a relerence 
in the source mounting ring 


uber calibration constant A ts 


A A \ R 


is the activity per millili 

r solution determined by 472 
V is the number of milliliters 
solution 
ind F is the ratio of the net ion- 
due to the 
ie net lonization current due 
Thus the 


unknown 


master comprising the 
ouree 

current standard 
Ie source, 


milliliter of an 


; A R 
1 \" 


where primes refer to measurements 


ide on the unknown solution 
Effect of self-absorption. [oniza- 
mber measurements Of e@vap- 
sensitive to 


sources sare less 


rption m the source than 47 
measurements, In the lor 
method 


irdles the 


all particles have 
rht reg amount 
In an 1Oon- 


effect of a beta 


zation they produce, 
chamber, the 
e is directly proportional to the 


produces In the NBS 


Mean ge- 


ition it 
nization chamber, the 

path length corresponds to 
in air of a 50-kev electron: a 
roughly 50 


ectron produces 


re jonization than a l-key 
ind a l-Mev electron produces 
mately 50 times more ionization 
l-kev electron Thus the self- 
rption of the low-energy electrons 
h can amount to several percent in 
tr counter, is reduced to a second- 
r effect in the ionization chamber 
higher-energy electrons 


1use the 


luce relatively higher ionization, 


of the differences due to source 























FIG. 3. 


NBS 273 ionization chamber 


preparation observed in 47% counting 
have been observed with the 27 ioniza- 
tion chamber. 

made 


Precision. Corrections are 


for pressure and temperature since the 


chamber 


In a set of 


is open to the atmosphere. 
the 
standard deviation is usually less than 


readings, individual 


0.3%. The reproducibility of readings 
over the past 12 months, as determined 
with the Ra D+ E 
inte! 


in O.o* 


relerehnce source 
and 47 co measurements of P*?, is 
better th: 


ry lonization Chamber 


In many instances it is desir: 


to standardize a y-ermitting 


the 
ionization 


solution without having to open 


sealed ampoule for beta 
measurements 


Figure t shows the NBS 


tion chambet! thie secondary 


bry 1oniza- 


} 
used lol 
2 


standardization of y-emitting nuclides. 


my , 
The chamber is brass 


The 


Irom 


constructed of 
volume of 15 


and has a liters. 


re-entrant evilinder is separated 


chamber and is 


the main bod) f the 


vrounded. Sourees are inserted into 


the cylinder and supported at the ge- 
ometri center on a Lueite 


If a 


vertical 


spacer. 
moved 
the 
the 
remains unl- 
Thus it is possible to 


point source ol y-rays 1s 


through +4 em about 
geometric center of the chamber 


response of the chamber 
form to Lo, 
solutions of different vol- 
about 


provided self-ab- 


standardize 
without being concerned 


effects 


umes 
geometrical 
sorption is negligible. 

Figure 5 shows the results of meas- 


| and I'*!, In 


urements made on Co 
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hee 
e-— Connector 
—Tefion 


FIG. 4. NBS 4r7y ionization chamber 


surements the total activity 

e was kept constant, but 

is varied from | through 

dinate is the tonization 

red, divided by the ion- 

measured for 1 ml. 

lifferences can be attributed 

| self-absorption due to the 
ime of solution. 

Current 


Measurement technique. 


ire made with a Linde- 
electrometer using 4a 
lmethod. The back- 
than 4 x* 10°! 
» BEA for Co" is 10,000 


made with 


= |@SS 


rdizations are 
n NBS radium ampoule 
manner as the Ra D + E 
the 278 


individual 


used in 
The 


itions are less than 0.3%, 


ce is 


amber 


qaucibiity of 


piast 12 


measure- 


months has been 


Formamide Counting 


In the mamide counting method, 
e material is dissolved in 
rganic solvent having a 
‘ssure compared with 

| standardizing proce- 
ition of formamide 
iriel Is prepared. 
‘standardized is then 
or of LOO with the form- 
reduce the water con- 
At this low concen- 
not 


apor does 


hy iraucteristics of 


The 


is counter used, 


7 - July, 1954 


1000 
09% 
098 


3 a 


Rotio to | Milliliter 


liliters of Solution 


Ratio to | Milliliter 


FIG. 5. Effect of increased source volume 
on NBS 4ry ionization chamber 


formamide solution containing the ac- 


tive material is then pipetted into a 


stainle el cell and counted 1 aun 


PHYSICAL AND CHEMICAL 


Table 5 


data of 


the nuclear 


the 


SUDIIATIZes 
Importance in primary 


- 


and 


standardization of the nuclides 
31) Co CM Ty294 Srey 
Au'*. The table also gives the chem- 
ical form in which these standards are 
issued by NBS 
Phosphorus-32 

Jensen and Nichols (7/6) h 
that a 25-dav P 
pile-produced P They 
P33 is 
total activity. 
than 
with time 
beta particle has an / ot 


ive shown 
activity is present in 
estimate that 
the 


more 


initially present as 17 of 
Since P decays 


r this 


In addition 


ratio 
sinee the P 
250 


rapidly increases 
only 
key, the measured half-lite depends not 
since re- 
upon the 
the P 


abso. bed 


upon the time elapsed 
from the pile, but 
went Ii 


only 
moval 
method of meusuren 
beta particles are completely 
by a filter, the activity 


only to P 


measured is due 
half-life 
days (17) should be 
is not the 


and therefore a 
14.5 
If this 
possible to obtain values as 


14.59 davs (18 


closer to 
measured, cause, It Is 

high as 
Since laboratories use 


most outsict 


routine P* an- 


idvisable to 


G-M counters in thei 


Ivsis, it was thought 


measure the half-life of pile-produced 


dow G-M tube in a 


P*? with an end-wit 


standard geometry The mean of sev- 


internal gas counter, such as the Nu- 
PC-1. If 
the volume, and hence the depth ol 


clear Measurements Corp 


solution to be standardized, is always 
the effects 
will be constant. 


same, any due to 4 
Thus the formamide 
method of secondary standardization 


can also be used for $-emitters that 
have accompanying Y-rays. 
Precision. 


the PC-1 internal gas counter are quite 


Measurements made in 
consistent provided the size and shape 
of the collecting wire are kept constant. 
that 


changing the diameter of the collecting 


[t has been found in the case of P 


loop can change the efficiency of the 
counter. This dithiculty has been elim 


inated by the use of nonoverloading 
amplifiers in place of the PC-1 amplifier 
The 
BEA for the formamide counter is less 
than O.OOL we for all beta emitters, and 
the better than 


‘ 
Ooo, 


to completely saturate all pulses 


precision is) usually 


A more complete report will 


be published soon (145 


CONSIDERATIONS 


eral different 
from ORNL gave 14.4 days as the etfec- 
tive half-life 


lodine-131 


It is 
iodide ion as Agl to prevent loss of ae- 


solutions of P*? received 


necessary to precipitate the 


tivity from a source due to evaporation 
silver lions are 


AgNO 


of the jodine. Excess 
added in the form of a drop of 
solution 

decays to 


ol Xe 
true half-life 


Approximately 10) of I 
the 12-day (19 
Therefore, to measure the 
of | 
rounding the I! 
ligible the effect 


isomeric state 


sufficient filtering was used sur- 
sources to render neg- 
160-key Ne! 
y-ray compared with the 638-kev y-ray. 
\ half-life of 0.022 davs (20) 
measured, in with the 
0.02 davs and 8.05 


of the 


S075 
Wiis agreement 
values of 8.06 
0.01 days found respectively by Lockett 
and Thomas /1 


et al, (2? 


Cobalt-60 


In the 448 primary 
Co a 


ind Bartholomew 


tandardization 
solution of high 

used. The 
standards 


spe illic Ace 
tivits Wiis present Co' 


solution were standardized 
by comparison with this NBS primary 
Co’ standard solution in the dary ion- 
Due to the large 


shown in Table 5 


ization chamber 


amount of solids as . 


59 








TABLE 5 Pertinent Nuclear Data and Chemical Form of NBS 3-Ray Solution Standards 


0 UOYS 


1H. 


0 Hoo 0.020 g 
0 020 ¢ 


0.050 g 


0 120 ¢g 
H.O 
0 OOL gm | 
0.1621 NELOT 
H.oSO,, in IV HNO 
0 0269 g sr OH.O, 
0 OZIS g \ ( 104 
HO, in LN Ee 
Ho 


* Mean « LORNT 


} Determined at NBS a 
Arbitraril wccepted i 
Determined at NBS a 





TABLE 6 Intercomparisons of NBS P* Solution Standards 


240 
O35 
Ooo 
So 
216 
Iso 
240 
lid 
12,100 
114 


Le 


OSOO oF 
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not suitable for solid material can be removed from 


Research Establishments 


Hence they should be sources prepared for 4a counting by 
standards of Co the addition of H.O,. to the evaporated 
eee ae oe 7 deposit. Canada 
The K-capture branching ratio in 1ECL—Aton 
Tl?** is) still) uncertain Branching Ltd., Chalk Rive 
| . ‘ ! 5b 4 have V Re Vationa 


» | » 


ratios of ‘ l / 


heen reported he efficiency of of Canada, Otta 
1.95 vr (2 ) the 478 counte ~ not 100°, for Hg 
heen reported T2eve the tranching introduces an England 
mared in 1947 uncertainty into the eusurement 1ERI 
th the present The half-life of 1 has been re- Estab 
NBs fw GN ik co vin 
VPL 
tory, Leddingt 
RCH—Royal Cancer 
possible to mpoule very . mon until the RRI pny 
; : Unit, Har 
value almost Sie 
ruled out Recent Carbon-14 
Whyte (24) reported a No measurabl lsorption effects United States 


0.04 have been noticed for the PSolu- iV { 


It will be 


irdization Was COSSi to res irdiz he Tl 


rgonne 


tion standards wer 4 | ot 6 lo Chica 


qo 


Thallium-204 months from the original d f prep- BNL—Brookha 


It = he ported th: hallium aration. Ampoules selected at random atory, Upton, 
Ll are not stable were measured in a CQ. ionization imbia Un 


f activity by adsorp- chamber at the rate of one ampoule per 
W171 Vassach 


» 1) echnolor Cambridge 
\Bs thallium solution, con- rent in all cases fell within oe Ol Vechnology, Ca ge, 
VBS National Bureau 


TINO, in IN HNOs, has re- the average phe 
ards, Washington, D.C. 


e over the past six , . ORNL—Oak Ridge Nationa 
in additional safety fae- Strontium-90-Y ttrium-90 i Oak Rid ] 
ratory, ath iidade, enn 


amine sulfate (25) is The short-lived Y° daughter, with a Sloan-Kettering—Sloan-K ett 


Ntation, We have found week The measured ionization cur- 


‘ 


NBS B-ray solution — half-life of 61 hr, grows into equilib- Institute fo ance 
Th’! This additional rium with : separated Sr?” Vew York, N.) 





TABLE 7 Intercomparisons of NBS I|'’' Solution Standards 


ORNL 
1. R. Brosi, 
B. H. Kete 
S.A 
Reynolds 
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TABLE 8—Intercomparison of NBS Co” Solution Standards? 


RCH RCH 
i I 


0 SOO 


Results given in me/ml a 
measurements made in 1952 
» Based on 1 me Cot 13.53 

The means of several 4m cor 
prepared and counted at the 
NBS tr counter and ther 
measured by W. KE. Perry in tl 
counter agreed to better thar 

Includes 2% self-absorpt 

The close internal 


ion chamber 





TABLE 9 Intercomparison of Two Sets of NBS C'! Solution Standards 


CO. Ge™M 
counter 
dps 

Man 
eter 

Half-Life 
based on 
average of 


SOTO, ¢ 





parent in approximatel 
Yttrium earri 


strontium carr 


insure fT 


Gold-198 sts by i ite i wit HO 


\ activity remains ib equilil i! 
r pre ‘ { I ot ty 


is not lost to the glassware b ry} edure used a y separate Au 
olutions measured in the NBS 47y 


tion. The 473 counter standa 1 im re 
tion gives the combined disintegratior ! t i rf : ionization chamber were 2.698 0.001 
rate of the Sr°°-Y° combinat 1 { trot d ind 2.699 0.001 davs 
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INTERCOMPARISONS 


] 


TABLE 10—Intercomparison of AERE Sr°'-Y*" Solution Standards 
The National Bureau of Standards is 


to have the opportunity of par- ne teed 
ng in intercomparisons with 
standardizing laboratories in the LECL RRI RRI VPL 
m. & L. H. u. Wok 
Gray, Veall Perry 
intercomparisons thus far carried EW 


States, Canada and England. 
les 6-11 summarize the results 


The tables, with the notes, are Emer 
inatory. It might be empha- Reference 
it the NBS results represent / il wp ton 
igreement presently ob- 
In some cases, notably Co*® 
close cooperation and 
rison with the other labora- 
we been able to develop our 
niques to their present level. Reoults given in pt recducat iy dasetidiocacen! esggail ments made it 


Based on previous | 


igreement now exists tor 


omparison 
Foil correction is 
Further intercompari- tx G-M 8 counter 
‘ * 4m proportional count 
C » 4 y 
arried out for I'!, C'4, ‘ecse wees diaiane nee es 
It is expected that ? Pulse height correction 2 | 


oil correction 3 


ing their own work in 





be issued by the other — TABLE 11—Intercomparison of AERE Au'®* Solution Standards 


luboratories. 


ol 
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eountel 
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aii 7 Absolute pnization 
chamber 
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Oo revterence 


Results giver weg = of 500 GMT, May 2 1953; measuremet 


in 473 counter 9 « 


LEME amooule Mo. 1; precial 
ARE RE ampoule ’- precision + ! | 
ampoule No 


chamber to be 2.608 


2 was measured in 


Used half-life of 2.09% s; foil absorption correction 0.9 
Foil correction 
tr liquid seint ulse height correct 
? Foil correction r 
* Mean of sever r lings of four sour neg oil ab 
Based on disint t 
‘G-M -coul 
™" Scintillation 
"Meat nr equ 
sion 4.3 
Based on stronge ple trom white \l 
P Based on 479 counter standardization of 
gold received fror ht pile Phe AERI 


were made on the same da ett ir 


sorption corr 


ver 


his is as vet 


’ Based on 
* Based on 
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,Phase seporator 


1,000 gal 
storage tanks 


Coustic treoter 


FIG. 1. 


Layout of waste disposal system 


_- Stack 


~2-stoge air wosher 
: Pump and vaive pit 


,46 000 - gai 
holding tank 


FIG. 2. 


Gos to 
woshers 


I 
Liquid to 
coustic treater 





Phase separator 


Design and Performance 
of a Disposal Plant 
for Radioactive Wastes 


A major problem in the design of waste disposal plants is removal of radioactive 


particulates from air. 


glass-wool pads. 


By J. A. LEARY, R. A. CLARK, 
and R. P. HAMMOND 

Los 
Los L/amos, 


\/lamos Serventitic Laboratory 


Vew Ve rico 


IN 1947 DESIGN WAS STARTED at Los 
Alamos for a new laboratory to prov 
ess radioactive materials .at the 
This article dese 


effluent plant that was built to handle 


ocurie level. ribe the 
the resulting wastes. 

In this plant air-stream contan 
ants were to be colleeted in liquid o1 
and waste streams con- 


slurry form, 


taining alpha emitters were to be 


isolated from other streams. 
also apparent that high-level gamma- 
emitting liquid wastes had to be stored 
until they had decayed to a safe level 
for further handling. Total capacities 


2 gal ‘min of 


required were about 
and about 30,000 ft 
It was concluded that the major de- 


sign problem involved removal of dust, 


Minh OF ai 


mist, and fume from large quantities « 
fir, since a review of industrial practice 


revealed that existing methods did not 


64 


even approach the needs of atomic en- 
The 
tested device was the Ty pe 6 
Warfare 


were 


ergy installations. only really 
equate 
filter the Chemical 
there 


ng reasons why these filters did not 


paper ol 
service However comM- 
pro de a satisiactory answer to the 


roblem Acid 


Irom some operations, 


present in the mist 


would eat holes 


| 
n the pape 


r;also, frequent replacement 

f the paper was required, and it was 
necessary that removal! and installation 
control. 


the 


omplished by remote 


this method of handling 


would only create an almost 


difficult problem of handling 


posal of solids in its place eCX- 


periments were begun on wet collection 


PLANT DESIGN 
FOR LIQUID WASTES 


Provision was made for separate han- 


ng ol 1) long-lived alpha ACTIVITY 


2 vh-level gamma activity > 10 
irles ind (3) low-level gamma ac- 
t t As shown schematically in 
igs 2 and 3, low-level liquid and all 


An effective air scrubber uses capillary cells and 


Size, density, and velocity of the aerosol affect performance 


gaseous wastes are immediately re- 


moved from the laboratory building 


and earried to separators, lor separa- 
tion of the liquid from. the gaseous 
12-in. stainless- 


Waste liquid 


separators 


phase In & Common 
316 Cb 
from the phase 
a caustic treater to control the 


pH at S-10, and is then pumped to any 


steel (type line 
passes 
throug! 
one of four 46,000-gal concrete storage 
tunks \ 
months is necessary for the activity to 


holding period of several 


decay to a disposable level. 
{remotely 
valve and 


shielded 


rmiuits transter 


-located and 
pump pit pe 
from one tank to an othe reeveling 
decayed liquid wastes, and final dis- 
treated 
recovery or decontami- 


Three 1,000-gal bur- 


posal Each tank can be 
chemically for 
nation purposes, 
ied stainless-steel tanks are provided 
for storage of liquid wastes containing 


long-lived or high-level activity. 


PLANT DESIGN 
FOR GASEOUS WASTES 


The off-gas fi 


tor (Fig. 2 


om each phase separa- 


passes through a separate 
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the unit through the first bank of cells, 


a ae which are sprayed counter-current to 
the air flow. After passing through a 
second bank of cells, in which it: is 
spraved concurrent to its flow direction 
the air passes through a zig-zag en 
trainment eliminator and then to the 
fibrous pad The au passes through 


and ts spraved with liquid ata rate ol 


S gal, min per cell 


i 

| 

| 

I 

| 

the cellsata face velocity of 200 ft min 
| 

! 

| 


Blowdown 
Recycle peas atin 5 The pad, as shown in Fig. 6 (7), was 
packed in random fashion with 240 gm 
of 10-micron glass-wool fibers and with 
1b of 250-micron fiber glass used pri- 
Phase marily as a support The pads are 48 
seporotor in. high & 20in. wide * 2 in. deep; the 
air face velocity is 120 ft, min through 

the pad, 
Provision was also made for removal 
by remote manipulation of each of the 


Main washer units. The first unit was con- 
laboratory 
building 


structed of type-347 stainless steel; it 
was provided with pH control. The 
second unit, fabricated from mild steel, 


was protected by Coroguard paint on 


1,000 - gal high- 
level-activity 
holding tonks 


all interior surfaces. Spray heads were 
Legend Disposal 
Air oe 
Liquid 1,000 - gai alpha 
Common holding tank 


installed in various inaccessible areas 
tor periodic decontamination of the 
washer units. 

Since the air enters these units at 
approximately 50° relative humidity, 
0.11 Ib of water is lost per 1,000 ft® of 
gaseous effluent. All of this loss is sup- 


Flow diagram of waste disposal system 


plied by recirculating water from the 
16,000-gal storage tanks. Although 


vasher and is discharged — utilizing capillary cells from the Air and 
the water recirculated was usually low 


nt stack. The gas-washetr Refrigeration Corporation, Atlanta. 
on is shown in Fig. 4. The gas-washer unit is shown sche- in radioactivity, tests showed that even 
ita for this installation were = matically in Fig. 5 highly contaminated water did not af- 
from pilot-seale equipment Cells used as roughing filters in the feet the efficiency of the air clean-up. 


i tes ed for seve al ears a hi nid Cation section Oo 1? ApPPAracus 
os | ve e i sam we paper ake . ae | Sock PERFORMANCE OF 
AIR-SCRUBBING UNIT 


nsisting of modified capillary cell consists of a staink tee] sheet- 
ng units and dry pads metal frame, 20 in. high & 20 in. wide To measure the performance of the 
by Charles S. Leopold < S$ in. deep, packed with glass fibers air-serubbing equipment, knowledge 
i, and manufactured by the of 280-micron average diameter to a was required of the particle-size dis- 


in Blower Corporation, Detroit, bulk density of 4.3 lb ft®. Air enters — tribution of the aerosol and of the con- 


FIG. 4 (left). Gas washer system 


FIG. 5 (below). Details of gas washer unit 


Metered blowdown to 


liquid waste plant 


waste water 
(pH controlled) 
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\f% «fiber glass 
vis 


ovg diam 250y 


| 
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| 
| 
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FIG. 6. 


Glass-wool pad 





FIG. 7. 


Details of sample collection unit 


centration of the aerosol ente 


leaving the equipment. It is 4 
necessary to study operation ¢ t 
equipment under various experiment 
conditions to evaluate their effect 
Sampling and Analyzing 

\ typical sample-colleetion unit 
n this study is shown in Fig. 7. 8 
ple throats were designed and erate 
for isokinetic sampling, at 1 ( 
heaters were used to raise the ter 
ture of the sample to 100° F for t 
pose of evaporating entrain te! 
ind preventing condensatior I 
flow rate through the sar 
measured with the orifice meter 
was regulated to 4 ft®/ min his 
fn face velocity of 23 ft/mir it the 


Hollingsworth-Vose No. 70 filter 
] 


used as the collecting mediut 
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Experimental Conditions Used in Studying Variables Affecting Removal of 


Particulates from Air Streams 


, r 
tange o yperatir 


One gas-washer-unit 


\ 600 3.6 1.2-0.5 7.0 Plant dust 
Insoluble 
B 600 1.5 1.2-0.5 7.0 Plant dust 
Insoluble 
( 600 5.1 1.2-0.5 7.6 Plant dust 
Insoluble 
1) 600 2.4 | .2-0.5 7.0 Plant dust 
Insoluble 
600 5.6 1.4-1.0 4 Generated 
Insoluble 
| 600 3.6 7-1.3 2.0 Crenerated 
Soluble 
Gy 600 ,.6 1.0-0.7 6.4 CGrenerated 


Insoluble 
Plant dust 


>.000 o.0 2.0-1.3 »>.0 
Soluble 
Plant dust 


Soluble 


| } 000 ».6 2.1-1.4 ».0 


Crenerated 


» 000 6.0 Ob >0 


Soluble 


‘ 6,000 1.5 0.8 5.0 Generated 
Soluble 
| 6.000 15 0.4 7.0 Plant dust 


a-emitter 


a-emittel 


r-CTnittel 


mitter 


a-emitter 


-emutter 


y-emitter 


“emitter 


“emitter 


-emitte! 


“emitter 





Insoluble litter 
Two gas-washer-units in series 
\| 600 19 L188 7.0 Plant dust 
Insoluble a-« tter 
, O00 , 6 > 3-1.3 ».0 Plant dust 
Soluble emitter 
() 6.000 6.0 0.6 0 Cienerat 
Soluble ‘ tter 
6.000 . 5 OOS > 0 (senerate 
Solnl +4 
active nature of the aero Particle-size distribution the aero- 
s removed by the equipment made it sols is determined samples 
ent to analyze all samples by collected t! i mocdihes Cuscude 
Dp eta r gamma-ray counting mpactor Vhich Was ¢ ted at the 
y standard equipment and tecl University Rochester These 
| ises, the counting rate samples were analyzed by pha. beta, 
ed by the total number of ft or gamma-ray counting, and in the case 
ected ina sample to give the ol alpl u-emitting aerosols, the size dis- 


ve epm ft® of an From the con- tribution was also determined by means 
trat 1 of radioactive matter thus of a radioautographie technique 
Let ned it the Various sample 
the equipment, the removal Determining the Efficiency 
vas i lated. The effectiveness of the leseribed 
ter-paper count analysis was equipment In removing particulate 
eve nstances by wet matter from an air stream was found to 
y the filter paper and making a depend, for the most part, on | par- 
issay of the solutior ticle size, (2) particle density, and (3 
(gre ent was good in all cases: only iv «velocity particle velocity The 
{ mation was obtained 1 elect of these iriables on perlormance 
| efficiency measured by the was studied in three plants, having ai 
et : capacities 600, 3.000 ind 6.000 
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Two units in series 








8 
I= PV.56 x 10° 











8 10 
6 


I= pv,d5 x10 








FIG. 8. 


systems: one unit 


respectively, as shown in the 
different 
the studies; these 


it mun 
table \ 


were used in 


number of nero- 
sols 
varied from 2.3 to 7.0 gm/em? in den- 
sity and from 2.3 to 0.4 microns in mass 
median particle size, 

Results the 


test are shown in Figs. S 


Irom several hundred 


made 


runs 


and 9%. In these figures, removal effi- 


ciency is plotted against an impaction 


paramete! I p\ d 
of the particulate matter in 


, Where p is the 
adensity 

Vy) is the velocity of the air 
and d 
the particulate 
Figure § illustrates the 


performance of one gas-washer unit; 


In ecm, sec, is the mass 

diameter of 
iatter in ¢m 
shows the performance of two 


means of these curves, it is pos- 

) approximate closely the per- 
ance of a capillary-washer glass- 
1 pad installation. For example, in 
of an aerosol of density 7.0 

m*, particle size 1.0 micron, and 
velocity 3.6 ft/sec, substitution in 
the impaction parameter equation gives 
] 7.4 X 10 


as read from Figs. 


, and the resulting effi- 
8 and 9, is 
for one unit and 99.6% for two 


evency 
Y8.5 Y 
units 
the full-scale 
plant was established in a survey made 
by the health The 
survey showed no increased pollution 
at seven stations located 500 ft to 2.5 
the stack 
having activity of about 


The effectiveness of 


phy sics group. 


miles from when contami- 
nated air, 
5 X 10°dpm/liter, was being treated. 

variables, 
1) spray-water rate, (2) aero- 


Studies of several other 
such as 
sol solubility, and (3) condensing con- 
in the eapillary 
that these 

The effi- 


fogging,” 


ditions, 1.e., “ 


washer section, revealed 


were of lesser importance. 
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Performance curve for capillary washer glass-wool-pad 


FIG. 9. 


Performance curve for capillary washer glass-wool-pad 


systems: two units in series 


ciency of the units was independent of 
water rate so long as the spray pattern 
covered the face area of the capillary 
cell; the solubility of the aerosol was 
shown to have very little, if any, effect 
on the performance of the equipment; 
and only a slight improvement in re- 
was obtainable by 


moval efficiency 


in the washer section. 


fogging 


Mechanical Aspects 
With newly installed equipment, the 


over-all pressure drop was 2.5 in. of 
water when operated at design capacity. 
After two years of continuous opera- 
the 
first stage were removed because of ex- 
The 
drop across the first cell ranged from 
to 2.0 in. of 


tion, the counter-current cells of 


cessive pressure drop. pressure 


0.76 in. of water initially 
water at the end of three years. 
that a 
“salt”? deposit on the upstream face of 


Inspection showed heavy 





FIG. 10. Capillary cells: A, with upstream 
sprays; B, without upstream sprays 


the cells was responsible for this in- 
The deposit 


on a typical cell is shown in Fig. 10, cell 


crease in pressure drop. 


B. This deposit penetrates approxi- 
mately half-way through the cell pack- 
ing and results from insufficient flush- 
ing and excessive evaporation at the 
To alleviate this 


condition, sprays have been installed to 


upstream cell face. 


wash continuously the upstream face 
Cell A in 


Fig. 10 has been in operation for ap- 


of the counter-current cells. 


proximately ten months and shows the 
beneficial effect of the continuous wash- 
down of the upstream cell face. Since 
this modification was introduced, the 
over-all pressure drop has increased at 
a reasonable rate (approximately 130% 


per vear). 


CONCLUSIONS 


Operation of the plant has been quite 
satisfactory, and the performance has 
been adequate in every instance. 
Evaluation of operating data indicates 
that only the counter-current cells and 
glass-wool pads of unit No. 1 will re- 
Based 


on the present dust loading (approxi- 


quire a periodie replacement. 
mately 1 grain per 1,000 ft*), replace- 
ment of the counter-current cells and 
glass-wool pads of unit No. 1 will be 
The cells and 
pads in the second unit appear to have 


necessary in four years. 


many times the predicted life for unit 
No. 1, since no appreciable increase in 
pressure drop has been observed during 


three years of continuous operation. 
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FIG. 


1, Sample changer and associated equipment 


Automatic Sample Changer 


for Well-Type Scintillation Counter 


By H. L. DEMOREST and J. H. ERICKSON 


Radio soto pe Unit, Veterans A 


Vinneapolis, Minne 


Hi 


sola 


The unique problem in designit uv 


automatic sample changer for use wit! trol 


a well-type 


counter 


is the transfe1 


liquid sample vials in glass vials 


the 


storage table 


counter, 


to the well of the re 


| the problem by 


wnety ple 


in use 


egiigil 


kup and 


lor seyen 


jeamount of attention 


UTILIZING an eles 


months 


yperating 24 hra day, 


Components. The commercin 





Phe changer deseribed here (Fig. 1 ( t used) includes a 
eg te 
se 
PP y 
Cils 
ris c 
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2. Circuitry for 


automatic sample changer 








Nuclear Instrument Co. scaler, an 
Atomic Instrument Co. model 1248D 
electrical reset register and a Streeter 
Amet Co, Ametron printer. The reset 
register Was modified to the extent that 
an external relay actuated the reset 
mechanism 

The well-type scintillation counter 
H. O. Anger, UCRL-SS6, 1950) was 
enclosed in lead rings designed in this 
laboratory for versatility and ease of 
repair. The entire counter is” sur- 
rounded by 1!.-in. lead to reduce 
background 

To accomplish its purpose the sam- 
ple changer must lift the lead top, re- 
move the sample counted and return it 
to the turntable, insert a new sample, 
lower the lead top, start the preset 
count, and at the completion of preset 
count record the time elapsed and then 
repeat the evele automatica 

Cycle of operation. In Fig. 2, we 
can follow this evele through to comple- 
tion. With the master switch closed 
and the sample changer switch on, we 
ive power to the printer and register. 
While a sample is counting, M.S.S is 


held closed by the lead top, activating 


relay A Upon completion ol a pre- 
set count. terminals 3 and 4 of the regis- 
ter open, deactivating A This stops 


the count by shorting out a resistor In 
the sealer to ground and allows the 
printer to print the elapsed time. 
Simultaneously the top motor is ener- 


vized which raises the lead cover. 


This opens M.S.8, and as the top rises 
it momentarily closes M.S.7, resetting 
the register The printer automati- 
ally resets after each print and waits 
for its terminals 7 and 8 to be opened. 
As the top reaches its maximum height 
\E.8.6 closes, energizing Ay. This de- 
energizes the top motor and energizes 
the turn motor The turn motor is a 
6-rpm Bodine motor that revolves two 
arms direct] Opposite each other. 


The magnets at the end of each arm are 


also activated at this time. Upon 
turning through 90 deg, M.S.1 is closed 
activating A» and transferring the 
power to a 6rpm Bodine “up-and- 
down” motor The latter feeds a 
scotch voke and lowers the arms into 
contact wit! the sample in the well and 
also that onthe table. As it reaches its 
lower position, M.S.2 is closed, locking 


kK, closed Upon reaching its starting 
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LJ inner sliding contoct 
Inner stationary contact 
insulation 
Mechonized (up and down) 
GM Mechonized (rotary) 
EG Outer stationary bushing 








Note 
A-Geor pitch lines for (2 
6 in 144 tooth geors 
B-Singie tooth gear for 
Oriving turntable 
C-Locking device insuring 
position of turntable 


> 











Lifting mechanism for replacing samples in counter 


activating Ay, 

K, and K, 
to turn through an 
In the 270-deg 
is energized allowing the 
y Again A 


tis closed and K 


] 
closes 


VIS.3 
and 
ISO. deg 
is energized, 
is activated, 
the magnets 

Ks; is held 
contacts. <As the 
ts original position, Ae is 
the 


leg, where M.S.5 releases 


reuits to 


oldings 


ind arms continue 
the top motor down. On 
vn M.S.7 1s 


the register for the 


momentarily 


minate any possibility 
As the top 


\LS.S is 


zeroed. 
position, 
which starts the 


FIG. 4. 


count, printer and opens the circuit to 
the top motor. 

This sequence is repeated each time 
Also be- 


tween 270 and 0 deg the tuble Is Tho) ed 


a preset count is reached. 
to bring a new sample under the arm 
on the next evele. It should be noted 
that to start the sample changer for the 
first time, S 


tarily as the register is set to zero and 


must be closed momen- 


K, is energized. 
Mechanical construction. The me- 
chanical construction is shown in Figs. 


3 and 4. The magnets are supported 


by bellows to relieve any load on the 


arms and motor if occurs. 


jamming 
vized through a 


The magnets are ener 
the 
through the inner stationary 


to the 


eontact on statbonary 


pass 
eontucts 
ana 


inner sliding contacts 


Turning mechanism for replacing samples 


the arms and magnet to 


In this way the use of rotat- 


through 
ground, 
ng leads with their subsequent wear is 
eliminated. The up-and-down motion 
is imparted to the arm by a scoteh-voke 
The re the 


nure accomplished hy 


arrangement volutions of 


arm and table 


vears as shown in Fig. 4 Positioning 
of the sample is obtained on the table 

means of a locking device, ¢ in 
Fig. 4 
accomplished by means Of a 
The 
top 


This positioning in the well is 
Plexiglas- 
mechanism for raising 
third 


funnei, 


the lead cover utilizes a 
Bodine motor. 

Sample bottles used in the sample 
changer required a slight modification. 
screw-type caps used on 5-em 

disk in 


Vials \ 
| 


enables the magnets to pick them up 


were 


metal each cup 





Machining 


Radioactive 


Materials 


By M. SIMNAD and P. SHEWMON 
(arne / fitute of Tee 
P 


f.4 
V / 


plications of radioiso- 

solid-solid reac- 
‘rials mav have to 
lathe. 


» diffusion of metals, 


achining in a 


coefficients can be caleu- 
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lated from the variation of activity 
with distance. 


The 


machining such 


usual methods available fon 


radioactive materials 
have several disadvantages. To guard 
against the health hazard present dur- 
ing the machining, the operation is 
often carried out In a hood with strong 


ventilation. This procedure results in 


the loss of sample material 
thereby adding 


in the form 
of fine powder or chips 
appreciably to the errors of measure- 
Besides, the ac 
duct above the 


ment. umulation of 
radioactive dust in the 
hood is not to be commended 

Vater is not 


‘ " 
results im large 


Machining in a stream of 
satisiactory, since it 
volumes of liquid that must be decon- 
The 


because precautions hay e 


taminated. machining operation 
is awkward 


to be taken against accidentalls spray- 


ing the water and thus rusting the 
lathe 

We have tested 
tive method ot 
The 
placed in the lathe, and its surface is 
with a thin 

A small beaker is pl 


a simple and effec- 


machining radioactive 


metals. radioactive sample is 


eouted laver of vaseline 
iced below 
The 


machining 


rreuse 


the sample where it is being cut 


metal removed during the 
sticks to the 


vaseline and is collected 


in the beaker. At the end of the ma- 


chining, the samples are washed with 


an organic solvent to remove the vase- 


line, the solution is filtered and the 


] 


sample on the filter paper is counted in 


the usual manner te measure its 


radioactivity. 


ish to ackno Iae 


e of Naval Research 
































‘ ] t mnec: e ; ] ‘ ry)S 
Volts | npedance oO 100 ohm 
| Scole Pulse duration is nominally 1 usec, with 
— [| of 60 rise and fall times of approximately 
{ ial . 
103 U.05 user The main pulse is delayed 
BSN7 PO S 
- ] 0.5 usec with respect to a positive syn- 
5670 5687 \ 5687 GANS chronizing pulse for oscilloscope trig- 
| gvering his signal is triggered by 
5670 _ Blocking os ators Univibrator Output either internal or external signals in a 
omplifier A 
numbe Ways, providing great flexi- 
Multivibrotor bilit convenience in testing or 
calibration of various types of counters 
Phe pulse repetition rate can be d 
Triggerin Main pulse 
- from 20 to 3 X& 10° epm 
Description of circuit. Figure 
FIG. 1. Elements of fast-pulse generator shows the relationship between circuit 
elements 
. 
Simple, General-Purpose Pulse-epetition rate is determined 
/ by selects switch S/ (see Fig. 2 with 
fou modes ol opel ition possibie In 
Pulse Generator the first position, the 5670 multivibra 
tor sed off, and single pulses are 
By HAROLD A. MAY Dp] tions only encountered in produced by momenta depressing 
Irgonne National Laborato nucieo! instrumentation, such as the 1 open spring-return swite! 
Lemont, Illinois testing and adjustment of linear, tran- S his has been found usefu I 
t ipilhers testing nd servicing s ng s 
The pulse generator to be de bed he negative output pulse is rec- In t two, the multivibrator is 
Is A compact, low-cost general-purpose t t nshape and has anal tuce cle eo Innin ith a repetitiol 
test instrument suitable for numerous tinuously variable from zero to 30 it roximately 1,000 pps In 
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FIG. 2. 
70 


Generator circuit 
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all catenin 


the third position, the pulse-repetition 

rate is determined by an external audio 

S ito! \ sine-wave Input of at 

east 7 volts amplitude is required to 

lrive the 6SN7 regenerative shaper, 

it any frequency between 20 eps and 

0) Operation at higher rates is 

‘ it marently because of trans- 

lorme mitations in the first blocking 
( tor stage 

In position 4, a seale-of-60 is 

switched in and the maximum input 

requel may be increased to about 

| 250 Phe scale-of-60 is provided 

greater convenience in counting- 

te mete libration, since the output 

lise-repetition rate, im counts per 

ite I then be read directly 

the ( ler scnle ol the audio 

Scaler design. The scaler is based 

ig-in binary counters, with 

te feedback to transpose the 

( -H4 to a scale-of-60 The 

es emploved? require a negative 

¢o-volt triggering pulse with fall time of 

U.2 t QO pst ind at least | wsee dura- 

t _ e the differentiated 68N7 

te vy \ not drive the first 


hroughout the desired 


( O06 st trigger 1s emploved. 
utput-pulse circuit re- 
The 


wave or 


~T Positive 


trigger. 


, 
etrical 


square 
( ilse (in position 1) produced by 

ite elements described 
flerentiated and applied to 


5670 first bloeking oseil- 


( entior parallel trigger- 

ed with a Utah trans- 

n the surplus market. 

\ king oscillator trans- 
( e used, the only require- 


t it be capable ot pro- 


ist pulse, since the 
t the second blocking oscil- 


rate at 
ervere | \ photograph 


endent upon the 


‘ ise appearing at the 
t’ terminal is shown in Fig. 
} Ps mplitude is 130 volts, dura- 
YO" penk 0.6 psec The 
t ( 1 of essentially the same 
lied to a delay net- 
the nstrument illustrated 
rie Vis emploved , 
t Z f 500 ohms and delay per sec- 
t () ~¢ usil National 50 
nd 200 wut capacitors 
1) ( iv be used, although a 
nt line os satistacton 
easier to mount. 
The s blocking oscillator sup- 
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FIG. 3. Available generator waveforms: 
(a) slow blocking oscillator (synch-out 
terminal), (b) fast blocking oscillator, (c) 
40-volt output pulse; respective sweep 
speeds ore 1.0, 0.2, and 0.1 usec, div 





FIG. 4. construction assists in 


Dishpan 
compact layout and good heat transfer 


plies a very steep negative-going pulse 


to help form the leading edge of th 
<quare-topped pulse eenersated in the 
succeeding — stage kiver effort is 
made to obtain fast rise time \ high- 
G,, type 50ST tube and Westinghouse 
132 DW transformer sre used, t 

The ise f l 1 oo rt 
employed in this and other AEC laborat: 
‘ lo mar ear ‘ ‘ »> have 
Deer mentioned ‘ ‘ i | 
renuitr 

Walkirt M-1673 ediu eed | urie 
were used because thre ere able 
Other types should be 
tout mony require different pe gy and 


Figure 3b is a photograph of the 
DW output 
] 


winding with 1,000-ohm resistive load 


waveform across the 132 
Rise time is ef the order of 0.06 use 

The following cathode-coupled unl- 
vibrator stage, also based on the type 
tube, rectangular 


DOST generates a 


pulse with fairly flat and sym- 
fall. 


inductive resistors are used in the plate 


top 


metrical rise and Wire-wound 


circuit to provide some shunt peaking 


which further reduces the rise time 


Amplitude ol the pulse obtained from 
plate is 70 volts 
the 


the normally “on” 


Pulse duration is determined by 
RC coupling constant, and is made 
the 


screw 


varlable in prototype model by 


means of a driver adjustment 


from the front panel. Circuit values 
as shown provide a range of 0.5 to 3.0 
This 
by use of a potentiometer instead of the 
rid to 


usec range could be extended 


0.l-megohm fixed resistor from g 
B+. 
If this stage is severely overdriven by 


the fast 


ne? | 
period 


bloc King’ oseillat BI its 


that of the 


1 
puise 


will be triggering 


Less violent overdriving may also re- 
sult in waveform deterioration at the 
top ol the leading edge Hence a 


1 OO0-ohlom potentiometer across the 


output 


vhile 


winding permits the = trigge 
amplitude to be udjusted 
ing the output waveform for fastest rise 
with no overshoot Adjustment is not 
critical 

The output waveform, Fig. Se, is 
free trom. overshoot ind | oOniv a 
trace of ringing This photograph was 
tuken with the output plate directly 


connected, through a OLOL mil cape 


itor, to one of the vertical deflection 
plates of a Tektronix Model SELLA oscil- 
loscope Pulse duration was reduced 
to O.75 psee to include the whole pulse 
ma | Meee sweep The mensured rise 
time (10-9067) is 0.024 user 


The output pulse is developed across 
i 1O00-ohom earbon potentiomete forme- 


ing the GANS plate 1 Chis tube is 


normally cut off, ane riven we nto 
the plate-satur ition regio Thus the 
maximum pulse an tude is deter 


the peak current obtainable 


mined by | 


from this stage The tentiometer 
provides a smooth, f near attenu- 
ition of pulse amplitude \ correctly 
terminated Q3-oh ityout cable 
Ra-H2 | should be ‘ external 
( ipacitance-compyy Ni t esistive adi- 
Wiers are employed | sulses in the 
millivolt range On eldom destres 


both ipid rise time ind extreme 


rate knowledge of pulse 1cie 
li mphasis is here placed on the 
within the limitations imposed | f 
ceiving-type tubes and convenient 
sized power supplies. 

Elmore and Sands (4) discu I 
of the problems “associate t thie 
choice of output polarity. To keep tl 
instrument as simple as pr t 
decided to provide only a negative 
put, with the belief that this t 
eriously limit its usefulnes 

The output impedance rw enoug!l 
to allow one to drive several feet 
capacitance RG-62,U cable t 
slight increase in the rise time If ce 


ired, the plate lond eould be 
the com 

with proportionate 
It should be note 


matched to anv of 
impedances 
tion in amplitude. 
that the 
possess low-output impedance for neg 


this case tl 


cathode follower ioes not 


tive pulses In 


impedance is essentially that t 
cathode resistor, since the G of the 
tube drops to zero at cutofl Chere 


fore, a 40-volt negative pulse produce 


across an lnpecdance 


output 


1] . 
follower require 


ohms from a cathode 

a continuous current of 400 1 

every effort has been made 
liable components operate 
The 


type of construction show? lig ] 


servative manne 


allows free flow of air past the ibe 


and power transformer 


holes are punched in the 


to aid heat transfer from 1 
in the totally enclosed space 
All this inst 


operated as 


tubes in 
switches, 1 

conducting I 
cathode 


or heavily 
ol service inter! ( 
likely (5, 6), and the use 
puter or 


though 


premiutim 
initially more ¢ ‘ 
sirable. 
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Distillation of ‘Car 
lodine-131 Activity 


By MILTON KAHN, ARTHUR J. FREED- 
MAN, and C. G. SHULTZ 
iD) } 4 ent of Chen 


tf New Mexico 
| ie, Ne Vexrico 


The “ecarrier-free” todine-131 solu- 
tions tilable from the Atomic Energ 
( sion usually contain on. the 

5 mg of total solids per milli- 
te olution \lethods presently 


e for the purification of this 
olve the possibility that the 
ilting solution contains other sub- 


iddition to I ! 


Vairlous 


to develop 


Wqueous 


undertaken 


1 i 
et i for the preparation Ol 4 pure 
t ition of 1odine activit Ap 
te 90° of the activit 
it n of carrier-tree | * can be iis 
ii collected in water according 
to the procedure described here 


Experimental 


( hemical pure oranalyt 
nt-grade chemicals were ised 
t irthe purification Dis 
te ivailable in the labs t 
tilled fre alkaline potassium 
te in a Pyrex st 1) 
ere ed out Pyre 
l magnetic stirring 
( ite bumping Reason 
t ( t i ( { 
{ thie = ut | 
( ‘eo, est 1 T¢ 
( qu t 
| test tubes, ¢ te 
eight 1 | ed ( 
( et Iv ( 
nite 
\ ( ( ent 
t e the amount 
tivity that ild be 
Phi Ire s 
{ e | ictivit ( 
Té eae ‘ 7 
\t ergy ( ~ ‘ 
()} uti 
? tT TX ‘ 
r ( 
t t vere 
T% ~ 
te 








rier-Free 


wetivity 
on Was varied 


O.1F to 4F in nitrie acid 


) | 2} in sulfuric acid 


and 


ONI- 


dizing agents used included potassium 
dichromate potassium permanganate 
l¢ i nitrate, sodium nitrite ind ceric 
bisulfate it O.OLF concentration 
Forty percent of the activity distilled 





TABLE 1-—Effect of Oxidizing Agent on 
the Distillation from 8F H.SO 


1 / Tota 
a 4 { 
() i 1 
/ 
O.OL/ S.> M4 17 
Ce(HSO 
O.OOLG/ Ss SO) 7 
Kf () 
O.OL/ It) 72 OS 
Kos.O 
0.02/ 22 OS 4 
Kos. 
0.002/ 10 ) 4 
Kk \InO 
O.OL/ 2A a 4 
KNIn@O 





TABLE 2 Effect of Ceric Bisulfate 
Distillation from 8/ H.SO 


on 


im 
f 
0.00 >) SS 
0 OO 1O i si) 
0 OLO SO | 7 
O.O15 70 WD Q7 
0. O20 | ‘) Nt) 





TABLE 3—Effect of H.SO; Concentra- 
tion on Distillation from 0.01/ Ceric 
Bisulfate 
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2 ; so 
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For low-level d-c measurements 


Use these new, triple-purpose 
D-C 


Ty le) fov-wal fe 
AMPLIFIERS 








+O 
S- STAGE 
HIGH ~ GAIN 
A-C A-C AMPLIFIER 
t-t+o 
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Voltage-balance feedback (above) and current-bal- 
ance feedback stabilize gain... provide virtual 
null balance. 














5 PECIFICATIONS 


MICRO-MICRO- 
—— AMPERE UNIT 


Catalog No. 9 
FULL SCALE RANGE 





835 Catalog No. 9836 


Ss WITH BUILT-IN 4” METERS 
0 to 1000 or —500 to 


SS ee mi le +500 Micro - Micro- 
. . 
ae romagay 91 amps; scale — 
multipliers 2,4, ~~ s a 
ail 100, 200, 500, 1000, 
2000 

ACCURACY 
+0.4% Of amplifier +05 to 
Ce a ; 0.8%* of reading 


of reading +0.5 Mi- 


Of eter + 20 Micro-Micro- 
m 


oe amps; Of meter; +1% 
+1% 

; STABILITY | 
zed automatically No trim- 


li 
r d Gain stabi ‘ 
Zero an er required 


mer con 
*SOURCE RESISTANCE 


Up to 10 000 ohms 0.1 megohm or more 
p to 19, 


RESPONSE TIME 
| 2 to 3° sec. 


OUTPUT 
any range 10 millivolts at 
hms for null recorder; 


2 to 3° sec 


For full scale input ye A 
tput impedance © 

. lt for 20,000-ohm external meter. 
v ' 


Front panel fits standard 19” relay rack. 





ccuracy on esponse me epen on ource esistance. 
Pp P 
Acc d R T d d S R t 
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USE AS 
e DIRECT-READING MICROVOLTMETER 
OR MICRO-MICROAMMETER 
e RECORDER PREAMPLIFIER 
e NULL DETECTOR 


These new instruments are not only D-C Indicating Amplifiers but 
are stable, accurate measuring instruments as well. You can use 
hem in measurements with thermocouples, strain gages, bolome- 
ters . . . bridge and potentiometer circuits . . . ionization, leakage, 
and phototube currents . . . almost any measurement of extremely 


small direct current or voltage. 


Througk a combination of a-c amplification and unique balanced 
feedback network, zero and gain stability are designed right 


into the instrument. Trimmer controls are designed out—eliminated. 


The reliability of the circuit design in the micro-microammeter ampli- 
fier has led to its use as a pre-amplifier on the linear servo-channels of 
many nuclear reactors. Compensated ion chamber outputs from 
10°-* to 10 ' amperes are easily handled by an 11-position range 


switch. 


This amplifier is generally used with a Speedomax" Recorder 
and a Position-Adjusting Type Servo-Control System to control the 
power level of the reactor. It is also an important building block 
in the complete line of Speedomax Recorders and other types of 
amplifiers supplied by Leeds & Northrup as a complete reactor 
control system. This system is being used in a number of operating 


reactors as well as with reactors now under construction. 


For details on these d-c indicating amplifiers, write for Folder 
EM9-51(la). For information on L & N Complete Reactor Control 
Systems, write to Leeds & Northrup Company, 4936 Stenton Ave., 
Philadelphia 44, Pa. 


1 " 
Ty 
LEEDS | NORTHRU 


instruments ‘tea automatic controls e furnace 


st card insert in this issve 73 








considerably lower. These data indi- 


from 0.01F potassium dichromate in / 
IF nitric acid, and 26% from 0.01F 
potassium dichromate in 0.1F nitric 
in ® acid. In other cases, the vields were 
y ye eate that only small amounts of ['* ! 


"4 i "“MAG-AMP” activity can be distilled from acid solu- 
4 It 


tions ol Common oxidizing agents. 


£ 





is interesting to note that the over-all 





recovery of activitv was good from all 


VOLTAGE solutions except those containing po- 
STABILIZATION tussium permanganate rhe low re- | 


coveries observed in these instances 
may have been caused by adsorption of 

Now available with RAPID ELECTRIC Selenium Rectifier DC activity on the walls of the reaction 
Power Supply Units is the RAPID ‘“MAG-AMP"' giving — flask 


In a second series of experiments, 


© FASTER TRANSIENT RESPONSE TIME @ WIDER RANGE prepared active solutions were refluxed 


cooled under the tap. and treated with | 
@ MAXIMUM VOLTAGE REGULATION ® LONGER LIFE fi a tA ee ike. AS 


list itiol Was thet! enrried out is 


® MINIMUM MAINTENANCE @ LOWER RIPPLE eee its ae | 





before The results of thes experi {| 
; “ eee ments are collected in Tables 1-3 
For all DC Power applications where less than 2% variation for It , rer 
Is clear Trom ibie | ft i mitleh 

any condition of load between no load and full load is specified. nidiece £ activit Pee i 
) ¢ Clais OF me witv were obtuamed { 

Ask for latest bulletin and application data. ' ' ' | 

with ceric bisulfate than with any of | 

the other oxidizing agents The differ- | 


” “ 
THE NAMEPLATE THAT means, Mote Faure + You! ence between potassium dichromate 


RAPID ELECTRIC COMPANY : 


and ceric bisulfate solutions is i 
accord with other observations on the 
2881 Middletown Road * New York 61, N. Y. * Phone: Talmadge 8-2200 


chemical behavior of todine at low con- 


centrations 2). The amount of ae- 





tivit\ that distilled WAS sensitive to the 
concentrations of cerie bisulfate and 


sulfurie acid, as shown in Tables 2 and 


WINSLOW 
MEGOHM DECADE 
RESISTANCE BOXES 


S the best le lds were obt ned with 








TABLE 4— Effect of lodide Concentra- 
tion on Distillation’ 
























. . 
Accuracy within +0.1% . 
_ . (e] 
( I Ki , 
hi h h 
—_— Model 341, 4 dials, measu 
r ! megohms in steps of 10.000 cn ) Hoo aT) ay 
anges a ey ae | 
g . round meet for eA ) Ho 0) 4 
—_—_—_—_—_—_—_—_— wr » rement . ie - 
Cl yl O.O5/ 5 Q5 
Resistance elements in these Megohn e Boxe I ( fe issipates 2 watts. The itech arm Nas) 
are wound non-inductively on cerar f r t pe fr e leave fp? phor ronze that are self ‘ 
cially developed alloy wire having a negligible tempe f g action, and the entire switch is heavily Cl LO mi O.Oo/ we ve 
ture coefficient over a range fror ) a0° C.F , } nstruction thereby assures ntinued Na.SO 
spool’s resistance, as well as that of the ¢ € f measurements over g periods of constant - ) 
held within a deviation of 1/10 10 ml HO; 30 ve 
temperature range, and provides even 5 t W Megohm De le Boxes are avai 1, 2and 10 »> ml H.O?F ") oe 
room temperatures. Accura mair t re id r € yr stance ranges to 111.1 megohms - 9) 9 
quency range from DC to 20 K¢é 10 ymnl HO be oe 
10 107 O.05/ 7« SI 
\ st) 
Interior view showing use 
of ceramic insulation 
throughout. This ( I Ft i it Vt 
tion insures minimum cur r.& ~ 
rent leakage and highest SP HAS. 0.01F Ce(HSO hx 
accuracy besO,7HLO ) Reflux t l 
{ 
\ 4 0.05F NaosO 
‘ i I « mu X& 
to} ent lo rf tivit ! izat 
« | ‘ pe ent { the tivity was 
lost | zati luring reflux Per- 
THe WINSLOW comeany . ee 
Manufacturers of Precision Instruments for Over a Quarter of a Century : F : , 
‘ i 


NINE LIBERTY STREET . NEWARK 5, NEW JERSEY 
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fate in SF sulfurie 
ms in the amount of ex- 
fate from 40% to 120% 
effect, but reducing the 


sf 


10° increased the 
it Large variations in 
reflux, above 30 min, did 
the results. Under the 
most of the activits 
» first 5 ml of distillate. 
lar experiments were 
determine whether pure 
used to collect the ac- 
hese experiments, one 15- 
stillate was colleeted in 
luated evlinder contaimimng 
lution. The data in 
that approximately 
vitv ean be distilled 
iid containing O.OLF 
ind carrier-free I nee 
ected in water. The pH 
itive solution varied 
rseven 
inces Inactive lodide was 
action mixture at the 
the experiment. It is 
t that when the iodide 
in the solution before 
vas inereased to 10°F on 
ppreciable loss of activity 
rrently due to volatiliza- 
eflux The nature of the 
en iodide ion and ceric 
early dependent on the 
oncentration., These re- 
msistent with previously re- 
itions ; 


* 


i on work done under 
Atomic Energy Com- 


l/amos NScientitic 
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TECHNICAL BRIEFS 


@ Van de Graaff accelerator is being 
it Hanford primarily for 
| development of neutron 
Total cost of the 2-My 
e-ion accelerator, building 
ited apparatus is $200,000. 
ork, ions will usually be 
segregated by magnetic 
target situated over a 
mizes neutron bounce- 
ipplications, unde- 

getic particles will be 

10-ft drift tube to a 
cubicle enclosed by 1-it 
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IMBEDDED TINNED LEADS 








STANDARD COLOR CODING 


for 
ALLEN-BRADLEY RESISTOR QUALITY 


Bradleyunits are solid molded resistors with high mechanical 
strength. Due to the plastic shell in which they are encased, they 
need no wax impregnation to pass salt water immersion tests. 


ym 


+ ——~—~£ 








Ps 








nm 


Bradleyunits are small in size . . . but super in quality per 
formance demanded by electronic engineers. Under continuous 
full load for 1000 hours, the resistance change of these resistors 
is less than 5 per cent. 

They are packed in honeycomb cartons that keep the leads 
straight and avoid tangling of the resistors during your assem- 
bling operations. 

Let us send you a complete Allen-Bradley resistor chart 


Allen-Bradley Co. 
106 W. Greenfield Ave., Milwaukee 4, Wis. 


ALLEN- -BRADLEY 


RADIO & TELEVISION COMPONENTS 


\ 
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NUCLEAR ENGINEERIN 


Be iuse 





=— lation 
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Neutron flux 


Uranium € 
sources Is 
depenae nt 
veneral 
ry , 
Values ) 


natura 





Moderator 
FIG. 2. Geometry for integration 


FIG. 1. Geometry and fission source dis- 
probability for escape, p 


tribution for hollow uranium cylinder 


neutro! 


How Thermal-Flux Distribution Affects 
Fast-Fission Factor in U Cylinders 


therma 


By DONALD E. HOSTETLER, A. C. MENIUS, JR., and RAYMOND L. MURRAY 


Depa tment of Phusic 
North Caro State Co 
Raleigh, No 


na 


th Carolina 





~ Umform flux 
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for fast fission factors with uniform and parabolic fission sources 


FIG, 3. 
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distributior 
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thermal-neutron flux dis- 


a small 


is assumed unlorm 


urred in a previous caleu- 
fuctor, 


Actually, 


hission-neutron 


of the = fast-fission 
uranium 

of initial 
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The 
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thermal-neutron flux. 
analy Ze d 


tor 


computed for hollow 


€ jae 
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luding the 
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ir( probabil 
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ia for the ea 
Is Take 


w later-genera 


se of primary 
a constant 
tion neutrons. 


Integrate directly with respect to 


} 


eant-hgu 


Results. 


con 


the 


ipute 


forn 


inberg 


respectively, 


dering 


presence 
etween neutron 


irftace tor sor 

ration. 

mand resultant 
xr sl 
Bessel integr: 
integrate to 

e accuracy in p 

The fast-fiss 


} }yy 
ad ) 


Using a 


Castle, 


ula of 


oO 


0) \i 


and 
prob ibilities of 


ind later genera 


ulations 
3 
rence between 
on source, 
ission source, 
ible Tor 


ratios of 


The 


are shown graphi- 


effective 
and 
ot 


of 
source 
ne regions 
integrals by 


n @ and inte- 


ils Ai, (2) and 
three-signifi- 


ion lactor was 


modification of 


Ibser, Sacher 


(oO; oO r 


+2.) Pf’ 


O¢) 


04 


P’ | p 
collision. for 
tion faust neu- 


results of 


the values for 
e— 1)u, and 


¢€-—1),, 


small slug diame- 


iInner-to-outer 


The discrepancy ean become as large 


for solid slugs of 4-cm- 


A difference of this 


amount, however, would not be 


as 6% only 
radius or greater. 
signi- 
in view of other 
the effect of scatter- 
ing of neutrons back into the slug by 
the fact that a 
finite fraction of the fission spectrum 
is below the 1-Mevy fast-fission thresh- 
old of U2. It can be concluded that 
the results of previous calculations in 
P and &” taken to 


equivalent adequate for hetero- 


ficant necessary Cor- 


rections, e.g., for 


the moderator an 


Lor 


which were be 


are 


geneous reactor calculations 
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REACTOR FACTS 


@ SRE’s site has been selected. North 
American Aviation’s sodium-graphite- 
reactor experiment will be built by 1956 
the Santa mountains 
ility. 


In Susana nent 


the firm’s rocket test fac 


®@ Dutch plan to build S7.4-million ex- 
The Duteh 


Parliament to 


perimental reactor 


government has asked 


spend $2.25-million this vear for con- 


struction of an experimental reactor. 
A similar amount will be provided by 
Balance of the $7.4-million 


will be the 


industry. 


cost spent ovel next two 


years. 


® Italian experimental power reactor 
will involve expenditure of $1.6-million 
by the Italian government during the 

To be built 
will cost a total 


next fiscal 
Milan, the 
SS-million. 
of DO 


metallurgy. 


vear. neal 


unit of 


Studies have been 


production and uranium 


@ MIT research reactor wil! be started 
the It will 
about Sl-million 


within next year. cost 


© U. of Michigan's ‘“swimming-pool” 
type 


supplied by AEC. 


research reactor’s fuel will be 


© Argentina announces povwer-reactor 
During a one-month official 
Norwav’s 


Argentina’s 


project, 


visit by Gunnar Randers, 


government announced 
that it was building “ without recourse 
to foreign equipment” an electricity- 
producing, beryllium-moderated proto- 
tvpe reactor. The country is one of 
the world’s three largest bevllium pro- 
uranium 


of Men- 


ducers and recently claimed 
the 


doza, San Juan, and La Rioja. 


discoveries in provinces 
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lHeot exc honger 
Heovy-woter 
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SWEDISH HEAVY-WATER REACTOR is nearing completion. Power developed (300 kw) in natural-uranium fuel is removed by a 
D.O-to-air heat exchanger. On north face of biological shield (left) can be seen some of the 60 experimental holes. Reactor 
and supporting facilities (right) are located underground in an area hollowed from solid rock. Three tons of U and 6 tons of DO are 
used; fuel is from state-owned shale plant at Kvartorp. Shale contains only 175-200 gm of U/ton. A 10-20 Mw (electricity) pilot power 
reactor is scheduled to be built near Stockholm. Britain's Sir John Cockcroft has stated that Sweden's hydroelectric capacity will cover no 
more than 20 years of further expansion 
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BOOKS 


Magnetic Cooling 


By C. G. B. GARRETT (Harvard University Press 
Cambridge, and John Wiley and Sons, Inc., New 


York, 1954, x 110 pages, $4.5( 
by L. D. Rospertrs, Oak R 
Laboratory, Oak Ridge, Ter 


In his book, “ Magnetic 


Dr. Garrett gives a well consid 


though brief and nonmathen 
vey of the properties of 
1° K and of the techniqu 
these low temperatures are 
measured In the 21 ve 
first magnetic cooling expe 


performed only one other 


been written on this subject 


Magnetism and Very Low 
tures” by H. B. G. Casi 


In the latter text, the mat 


foundations of this field 
marized. Since then rel 


theoretical work speci ill 


to the magnetic cooling pro¢ 


heen done, but many inte 


perimental results have been obt 


Dr. Garrett's book reflects t} 
ment of the subject, and 
age of work through 1950 is g 
with some references to ] 
through 1952. 
Low-temperature investig 
been referred to as a sma 
physics and this is true 
statements may be misleas 
is much in this corner which « 
fully investigated. For « 
the temperature region 


tenth degree Kelvin ter 


measured by different meth 


differ as much as 300%, « 
each of the methods may be 
consistent to a few percent 
measurements of the magne 
ties of many salts as a 

entropy and magnetic field 


by more than 10°, when me 


different but apparently equa 


ble and quite precise techni 
dently there is vet much te 
obtain a thorough desc 

understanding of magnet i 

low temperature range 


In addition to its useft 


study ot paramagnetic salts pr 


magnetic cooling technique 
to be a valuable tool for the 


other materials below 1° K 


ent one mav cool substances 


transfer to about O.05° Kk 


them at these low temperat 


extended periods An illustra 


78 


; 


que, which Dr. Garrett cites 


isurement of the creep veloc- 


helium film Near | 
1 the temperature, and it 
hat this behavior could 


ad to ihsolute ze 


isurements were made below 


this velocity was found 
rapidly. In 
mgnetic cooling is find 


for example, in nucle 


polarization experi- 


{ 


Wy ol metals 
Of liquid He 
\lore generally 
' i nique usefulness Ith 
ec phe nomena 
isa continuum ol 
sel\ spaced energy 
1940, virtually all of 


n this field 
ti 


liquid helium 
indispensable in = m 
With the 


periments 
Ntins helium liquefhier 


of obtaining these low ter 
e been much reduced : 
now entering 

Garrett's book 

> generally usefu 

entering this field as well as to 


il reade? 


Biological Effects of External 
X and Gamma Radiation, Part | 


RAYMOND €E. ZIRKLE, Editor (McGraw-Hill 
Book Co., Inc., New York, 1954, xxvi + 530 
pages, $7.25) Reviewed by A. C. Upron 
Oak Ridge Nati | Laboratory 


Ter 


Oak Ridge 


contains detailed sc- 
of the Investigations 
Argonne National Labo- 
» National Institutes of 
unde » Plutonium Project 
idies, executed for the most part 
ind reported in earlier 
Commission do 
1 edited and Integrated 
se chapters 
the book is g 
eports by E. Lorenz, et a 
ets of chronic total-body g 
e, guinen 
volumimous data 
in experiments are we 


rporation wit! 


the various ispects of 
dies, such as effects on 
blood picture, pathologie 
arcinogenestis ind breeding 


ible contribution in. itself. 


the book is helpful in provid- 


ation of the studies of Hagen, 
Zirkle, and others on 
s of total-bod\ 


X-irradiation 
There are chay rs on bio- 
ind immunological effects of 
by Barron 


\\ ittenberg 


dilation protectio! 


ind ASSOCLATeS ATK 


how- 
not 
len itl 
ibstract 
n the open | 
resenhnce 
lasma of 


abstra 


Heeb 


herto only in iments that 


late in the open literature. 


Introduction to Experimental 
Physics 

By W. B. FRETTER (Prentice-Hall, Inc., New 
York, 1954, viii 349 pages, $9.00). Ke- 


wed ) RE Zz Dex i ent of 


Pechnology 

meets its end as stated in 

e by giving the reader a vo- 

nexperimental physics. Like 

of lecture notes (from which 

was compiled) it suffers from 

the fact that the reader 

onjure up from cold notes the 
plete picture 


availible 


ipter on 


Ost inter- 
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Need High-Purity Metals 
in 1000-pound 


Quantities? 


lana 
Mee 
7 


~ 
"es 


Stokes is building practical 

vacuum furnaces to supply that 

need ... designing for 2000-pound 

jobs . . . planning for 5000-pound 

units . . . for melting and casting 

gas-free metals of extreme purity, high 

A Stokes sd tion-heated 


ductility and great strength. These furnaces 


acuum furnace for melting 


i casting gas-free metals : . . ° 
are used also for sintering, annealing and degassing. 


Such metals have extreme 
rity, high ductility 


jreat impact and rupture You can have Stokes vacuum furnaces for top or bottom pouring, for 


ba aocvand pear teal single or multiple ingots, for centrifugal castings. We build tilting type 
ee acne teense induction-heated melting furnaces of 10 to 1000 pounds capacity; mov- 
able retort resistance-heated furnaces for degassing and annealing in 10, 
20 and 30-inch retort sizes; resistance-heated furnaces with removable 
heat source or with bell-type retort; two-zone furnaces with movable 
boat, and others. 

We supply complete, integrated “package” units engineered completely 
and specifically to meet the particular need for vacuum pumping 
capacity, heating input and any mechanical actuation required to con- 
trol operations in the vacuum chamber. 

Most important . . . we bring to every vacuum furnace problem the value 
of 40 years’ practical experience in building vacuum equipment and 


guiding its installation and adjustment to efficient operation in the field. 


F. J. Strokes MACHINE COMPANY, PHILADELPHIA 20, Pa. 


STOKES MAKE: High Vacuum Equipment, Vacuum Pumps and Gages / Industrial Tabletting, Powder Metal and Plastics Molding Presses / Pharmaceutical Equipment 
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_* gy. If the entire book could have Some fastidious people will object to 

{— ee] yritten in this vein, referring to the suggestion of painting glyptal on 
lution of specific critical problems — suspicious vacuum joints since this can 

OPTICAL SYSTEMS I pl sas a basis for describing cer- become a messy bad habit Although 


ques the whole book would the halide-freon leak detector Is de- 


COCK H SHEESH ESESESESEE SEES more exciting, readable, and scribed, it is only the flame version. 


It is clear, however, that it No mention is made of the more nodern 


r\ lithe ult to write suc i and more useful General kKleetrie elec- 


INDUSTRIAL book tronic version. Also, no critical dis- 


unavoidable in any book, there is cussion is given to the relative sensi- 
PERISCOPES ipof about two vears between actual tivities of leak-hunting methods, the 

practices now current in those labora- soap suds method and the helium mass 
the most rapidly developing spectograph being mentioned side by 
Sees eeeeesseseseseseeeeeeee ee ind the latest techniques cov- side 


this book. Therefore, such Good chapters are included on elec- 
gas Cerenkov counters, bubble tronic tec hniques nuclear emulsions, 
S77 REST FEST : es 
os Bo FES i ers strong focussing Herb s mass sper troscopy, opt Cal spectro- 


a x &. 





ipor pump and plastic scintil- scopy, molec ular beams, magnetic reso- 
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DEC: Scaler, Model 2020 


Check These Important Features 
of Today’s Most Versatile Scaler! 


1. INPUT AMPLIFIERS of separate subchassis construction provide input sensitivities 
of (1) 0.2 volt, or (2) 1 millivolt. 


2. AMPLIFIERS are long-tailed pair non-overloading type. 
3. CALIBRATED 10-TURN DISCRIMINATOR CONTROL from + 5 to + 50 volts. 
4, input sevector for 60-cycle test, G-M or amplifier with nine-step attenuator. 


5. STABLE 60-CYCLE 500 to 3,000 HV SUPPLY with coarse and fine controls, HV 
meter with antiparallax mirror. (5,000 v. on special order). 


6. ELECTRICAL RESET OF REGISTER, TIMER AND CIRCUITS with single-lever switch; 
provisions for remote start, stop and reset. 


7. PRESET TIME: 0.1, 1, 10, and 100 minutes X1, X2 and X4. 
8. PRESET COUNT: 100, 1,000, 10,000, 100,000 or 1,000,000 counts X1, X2 and X4, 
9. DIRECT-READING DECIMAL COUNT. 


10. MODULAR CONSTRUCTION FOR COMPLETE FLEXIBILITY... amplifiers and regis- 
ter-timer assemblies are of separate subchassis construction; may be ordered 


in several combinations to meet special requirements. 


Write today for literature and complete technical data; 
please address Dept. E-7 
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BECKMAN INSTRUMENTS INC. 


2200 WRIGHT AVE., RICHMOND, CALIF. 
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new master-slave manipulator 


with important 
refinements by 
central research 


Central Research’s master-slave manipulator, 
Model 8, for remote handling. New design allows 
the operator to remain in one spot, close to the view- 
ing window, though slave ends are widely separated. 


Easier sight-control——\lodel 8 increases the operator’s range without 
making him move from the window. An electrical drive varies the angular 
position of the slave arm independently of the master end, allowing the 
operator to move slave ends up to the window without stepping backwards. 
Highly accurate ‘‘sense of touch’’—Operator requires practically no 
training period to “‘feel’’ remote objects. Natural motions of hands are 
copied exactly. Rigidity is high; lost motion, residual unbalance and frictional 
forces are extremely slight. Slave ends are so easy to control that numerous 
types of dexterity-requiring operations can be performed, such as opening 
containers, tying knots, lighting matches and assembling nuts and bolts. 
Greater working range and capacity A pair of arms completely cover a 
flat working area 5 feet deep by 8 feet wide at a height of 40 inches. At a 
height of 66 inches, a useful depth of 8 feet can be reached. 10 to 15 lbs. are 
easily handled in any operation. Much heavier loads, up to 60 Ibs., can be 
lifted vertically by an auxiliary hook. 

Easier to install and service — \lodel 8 mounts in the vertical face of a cell 
through an 8 inch diameter opening at a height of 10 ft. Electrical drive 
raises slave end to horizontal position so that in less than five minutes, one 
man, using a light overhead crane, can remove and relocate manipulators. 
Greater versatility A wide variety of interchangeable tongs and tools can 
be remotely changed at will. A flexible rubber boot, also optional, protects 
slave ends from contamination, corrosion and dust. Locking gripping motion 
is standard, and optional locks can also be supplied for all other motions. 

For complete information, write to 


onli utah \aboratories. inc. 


Want more information? Use post card insert in this issue. 
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Washington Report 


Not since the famous Hickenlooper “incredible mismanagement”’ 
investigation of the first AEC chairman, David Lilienthal, in 1919 has 
there been any public airing of disagreements among the members of 
the Atomic Energy Commission. In hearings last month before the 
Joint Committee on Atomic Energy, a serious split over the role of 


the AEC chairman came to light. 


Phe second version of the Cole-Hickenlooper bill to amend the Me Mahon 
Act proposed that the chairman “shall be the principal officer of the Com 
mission.”’ Some proponents of this wording maintained that there was no 
intention to increase the power of the chairman. Other proponents felt that, 
in any event, the powers of the chairman should be increased. The oppo 
sition maintained that the fact and spirit of an equal-power five-man group 
should be kept 

At the conclusion of the public hearings, the Joint Committee, in executive 
session, unanimously agreed that each of the five commissioners should have 
equal responsibility and authority and that the law should spell out the duties 
of the ARC chairman but he should have no increase in powers 


Although the issue is now apparently a dead one, it is of interest in 
that it sheds light on prevalent attitudes and the feeling of several 


commissioners that an inharmonious atmosphere exists within AEC. 
Specifically, these are the main points of view 


© Rep. Cole (chairman, Joint Committee) —*We are not trying to change 
the position, the authority or responsibility of the chairman of the Com 
mission in any respect Rach member of the Commission shall continue 
to have equal authority \ sidelight point that Cole expressed in tentative 
fashion is that he does not feel that each commissioner should, by law, have 
full aceess to all information necessary to carrying out this authority because 


he feels that at some time some commissioner might become a security risk 


© Rep. Holifield——Hle expressed his views by quoting the majority report 
filed after the Hickenlooper investigation. “The framers of the \leMahon 
Act deliberately established a five-man directorate rather than a single 
administrator to control our atomic enterprise for the very purpose of assur 
ing that diverse viewpoints would be brought to bear on (far-reaching| issues 
Phe possibility of split votes was not only anticipated but regarded as whole- 
some.” In further supporting the present form of AEC set-up, Holifield cited 
Admiral Strauss’ dissenting vote in favor of a crash H-bomb program in 1949 
that led to the start of such an effort 


© Commissioner Strauss tle essentially agrees with the principle of a 
five-man commission but states that it is “not possible, effectively, to operate 
a large business enterprise by committee . Decisions are numerous and 
demanding an many cases urgent Many cannot be handled by refer 
endum.” In another statement, he implied that the general manager should 
report only to the chairman rather than to all five commissione Strauss 
further feels that it is “important to the good functioning of this great agency 
that the law should delineate the responsibilities and duties of the chairman 
© Commissioners Smyth and Murray —They fell’ very strongly that 
Strauss was not keeping them fully informed on matters on which they should 
be advised and that the proposed revision in the law might aggravate this 
situation. Smyth felt that if the change went through, full-time commits 
sioners would not be necessary 

® Commissioner Zuckert—* No step should be taken which is even subject 
to doubt as to its effect [on the concept of five-man rule Phe fact that 
we are dealing with things that must necessarily be secret makes it undesirable 
to put too much power in the hands of one man. Phere is stilla pioneer 
ing task fahead Policy and operations are far more indistinctly separate 
in our work than they are in an established operation.” 

® Commissioner Campbell —He is strongly inclined in favor of one-man 


rule of AEE 
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Sidelights 


PWR auxiliary design work subcontracted. Stone & Webster Engineer 
ing Corp., a Boston firm, will perform architect-engineering services on the 
pressurized-water reactor as subcontractor under Westinghouse Electric Corp 
Phe firm will design reactor foundations, the reactor building, fuel-handling 
facilities and other auxiliaries. 

Two universities award reactor-controls contracts. “Two universities, 
Pennsylvania State and Michigan, have awarded contracts to Leeds & North 
rup Co., Philadelphia, lo provide complete control instrumentation for their 
research reactors. Equipment includes electronic recorders (to show power 
level and its rate of change) together with cables, controls, and drive mecha 
nisms for positioning control rods, 


Multicurie fission-products plant for ORNL, 31.5-million will be spent 
on building and equipping a plant to chemically separate, purify, and fabricate 
kilocurie fission-product sources. Lt will be capable of preparing one-hundred 
2-hilocurie ¢ sources per year and will provide for separation of Sr’, Cet, 
Ral) and Pm 


raw material 


ind other sources. Savannah-River plant wastes will be the 


New waste treatment facility. A S180,000 waste treatment plant at 
ORNL will decontaminate 750,000 gallons of low-activity, high-volume wast 
daily. “Phe unit will cut the daily curte discharge by more than 50 With 
this equipment, research efforts eventually will result in modifications that will 
cul discharge by 90°, or more 


West Germany plans research center. “The first postwar nuclear research 
center in’ Western Germany will be built near Munich, according to present 
plans Werner Heisenberg will probably direct construction of a research 
reactor 


Uranium bonuses total $3-million. AEC has paid more than $3-million 
in bonuses to uranium miners since March, 1951, when bonus payments to 


stimulate production went into effect >, 000 


Payments are running about § 
per month Payments double the base price for the first 10,000 Tb of uranium 
oxide produced from any new find. The bonus ranges from $15,000° to 
S35,000, depending on grade 


23, 1957 


Phe bonus program will extend through Feb 


Japan studying radiation sterilization of food. Japan's welfare gin 
istry has granted a small subsidy for research on radiation sterilization of food 


Smyth makes power estimates. AEC Commissioner Hl. D. Smyth recently 
calculated that 1410 reactors of 150-Mw capacity will be operating in the U.S 
by 1975 if nuclear power cost is 7 mills in 1963 and is reduced to 4 mills by 
‘75 (assuming half the new plants built will be nuclear if power costs are equal 

There will be 33 such reactors in 1957 if 7-mill nuclear power is not attained 
until 1965 and costs are cut only to 5 mills by °75 (assuming that nuclear 
plants will be built only if they have an advantage of | mill kwh over con- 
ventional plants and even then only 5067 of the new plants in that cost range 
will be nuclear 


Tritium studies in Israel aided.  \ 828.000 Ford Foundation grant ha 
been made to the Weizmann Dnstitute to assist in studies of tritium-concentra 
tion measurements to determine ages of underground water supplies 


» 
Arco chemical processing plant being modified. The National Reactor 


Pesting Station’s chemical processing plant for reclaiming | from used fuel 


elements ts being moditied 
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A specially designed 
@& lead storage cabinet 
for large amounts of 
radium used at the Grace- 
New Haven Community 
Hospital. The cabinet 
houses 12 lead-filled draw- 
ers with counter-sunk 
holes for needles, tubes 
and cells. Lead thickness 
2 inches in all directions 


of the cabinet and 2.5 


inches 1n the front part of 
the drawer. Insert: One 
of the lead-filled drawers. 
Note the 6 counter-sunk 
holes for storage of ra- 
dium tubes. 


Why GRACE-NEW HAVEN COMMUNITY HOSPITAL uses 


Lead to shield 


Radioactive Isotopes ana racium 


Grace-New Haven Community Hospital is a Lead, a ductile metal, is easily formed into 
justly famous institution. practically any shape dictated by environment for 
specific shielding purposes. With simple tools the 
It's a leader in the use of radiation to combat metal may be cut, bent, machined, drilled or other- 


disease and for research. wise worked to shape it for the job in hand. 


At Grace-New Haven, lead is used for local National Lead Company, a principal supplier 
shielding and for storage of radioactive materials of lead products to many industries, offers its re- 
for several good reasons. search, production and distribution facilities to 
the rapidly expanding nucleonics industry. 
A combination of three prime factors—density, 
cost and workability — accounts for the virtual If you have need of lead shielding in any form 
standard use of lead for radiation barriers in work slab, sheet, brick, containers, etc., and produced 
with x-rays, radium and radioisotopes. by any method — rolling, extrusion, molding, die 
casting or machining — contact the nearest 
Lead, with a specific gravity of 11.35, is the = National Lead office listed below. A leaflet on 
densest of any commonly available material. “Lead Shielding” will be sent on request. 
Where shielding space is limited, lead is almost 


alw iVS specified. National Lead Company 


Lead, classed as a common metal, costs less per 
New York 6; Atlanta; Baltimore 3; Buffalo 3; Chicago 80 


unit of we ight than metals in the “precious” cate- r\ Cincinnati 3; Cleveland 13; Dallas 2; Philadelphia 25 
gory, which may have about the same shielding Foumengh 25; Of. Sout 5; Satan © Cent Goad ¢ 
: , { Mass Los Angeles 23 (Morris P. Kirk & Son, Ince.); 


‘apacity under identical conditions. - Toronto, Canada (Canada Metal Company, Limited) 
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re 


nformation? 


NOW! 


A NEW CONCEPT IN 
GAS FLOW COUNTERS 


for maximum efficiency with carbon 
14 and other soft beta emitters 


featuring windowless operation for 
greatest sensitivity or ‘‘Micromil’’* 
window operation for the newest and 
best method of countigg soft beta 
radiation. Newest because the ex- 
clusive ‘‘Micromil’’ window is so 
thin that it reduces the count rate 
for carbon-14 by less than 20°). 
Better because common windowless 
counter problems (charge effects, 
chamber contamination, moisture 
accumulation) are completely avoid- 
ed. Model D47 may be used with the 
automatic sample changer or chro- 
matographic strip scanner —is_ the 
most versatile gas flow counter ever 
produced! 

. detects all soft or hard ionizing 

radiations 


. converts from windowless to thin 
window in seconds 


. permits both geiger or propor- 
tional counting 


. bubbler and valve adjustments 
completely eliminated 


. extremely low background 
. now in production 
Write for Model D47 specifications 


I ie ark 


Nuclear Instrument and Chemical Corporation, 
235 West Erie Street, Chicago 10, Illinois 


CHICAGO 

NEW YORK 

LOS ANGELES 
DALLAS 

HOUSTON 

SILVER SPRING, MD 


Use post care 
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“PERSCINTICON” SIMPLIFIES AND ACCELERATES PROCEDURE 
IN DIAGNOSIS OF THYROID DISEASE WITH 1-131 


. Read thyroid uptake and urinary excretion of I-13] as a percentage 
of the control standard. No calculations are required. 

. Elimination of calculations minimizes chance for error—saves time 

. Testing becomes a routine procedure —a_greater number of patients 
are accommodated. 

. Adequate accuracy. Efficient, compact equipment placement 


fol olioMmolael li celi-M-\7elltielilels Mc) MELD Adelle MEY] elie] ¢-INel ae PERC RMT Mi elaall-07-(e ME 71 MET 
Perscinticon. Minimum experience with isotopes is required.* Adapting the 
Lewis 
alah elem] oie] <-Meelile MN ol-1eq-lalielel-MNoh MOLAlslola@ Mm ER ECE Paoli] e\el t-te MM eM Mel: lice), 


“* 


method for determination of thyroid function with I-131, the per 


TielalelolgeMMela-Ma-teleMelle-laih mel Mill 
ratemeter, thus eliminating con 
version calculations and permit 
ting a more rapid handling of 
patients a 

Thyroid uptake is determined 
with a= sensitive, lead-shielded, 
collimated scintillation count 
er supported at the end of a posi 
tioning arm. A_ neck-thyroid 
phantom holds the I-131 control 
i relaleloiceMeiol@mliliilolmelel( Tiiul al meh 
the meter to 100% 

An encased array of ten high 
efficiency, G-M type 6306 tubes 
is used with the ratemeter to de 
termine urinary I-131. Equal 
volumes of the diluted control 
SrelaleloigeMMelsle Mae) |(-tai-teME als -meela-) 
successively positioned before the 
tube array. The ratemeter indi 
cates the urinary I-13] as a per 
centage of the standard 
Write us for a reprint of AEC requirements 


J) W Lewis, M.D. Colorado Springs Med 
ical Center. Colorado 


MODEL 596 RATEMETER 


The ratemeter scale is graduated in 
percent. Four controls for zeroing 
out background, coarse and fine 
sensitivity adjustment, and time-con 
stant selection permit rapid adjust- 
ment. 


A sturdy hospital cart on 8" 
rubber tired, locking, swivel 
casters carries the ratemeter, 
the positioning support arm 
(extendable to 41"), the colli 
mated scintillation counter with 
¥," lead shielding around a 
1” by 1” crystal, and the count 
er tube array. The shielded 
scintillation counter weighs 
only 1034, pounds. Either 
counter is connected inter 
changeably to the single rate 
meter. 


MEDICAL INSTRUMENTS DIVISION 


THE VICTOREEN INSTRUMENT CO. 
5806 HOUGH AVE. + CLEVELAND 3, OHIO 
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nt These 
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Accelerator target holder* (2,670,- 
140), Carroll M. Gordon, Charles <A. 
Fe ad be On 1 
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ccelerator. Intermediate 


the letters patent 


= ll fl 
~ Wall ange sspuced to provi 
Washington Zo ia 
chamber and outer 


copies ot : 
flange plate peripherally SeHLe with 
obtained Commis- . 


Patents 


lTrom 
’ ] 
le coolant 


= 1 eviinad Col ipel! 
20 cents 4 COpyV payable DY , 
bi tured flange plate. 


ordet! 


Specity the 


mber and title when ordering. Velocity modulated electronic super- 


stracts have been furnished sonic generator? (2,671,213), Robert 


. of Inventions, maintained A. Rapuan B 


Patents studving solid 


means of this system 


vernment Board for and fluid structure 


1). ¢ } 


d-particle beam is directed to : 


( harge 
plate resonant at predete! mined 


recovering 


Rob- 


for 


» 668,794 


Distillation 
spent pumping oils* 
J Schmidt Vax 


system some Treg * beam density 


modulated at thr 


Up rsorie 


uum diffusion 


ines section | da 


or dis- regulator*® (2.672 


symp Pressure 


liam B. J 


ipors, reduced 


i} pressure 


etionating section con- 


ind reflux section 


section is provided sections 


j | held 


nd outlet valve tor 


cumulated process « 


Electromagnetic fluid pump* (2,669 


‘ Nat H 


Reaction and separation vessel” 


H72,404 Rudolph  ¢ 


Means for improving the yield from 


betatron X-ray generators? (2.669 
( a Donald We I 


t 


\ I ' 


July, 1954 - NUCLEONICS 





NOVY 


3 new wire wound resistors 


IRC’s new power wire wounds are lower cost 
per watt than any other power type. 
At 4, 7 and 10 watts, they offer savings of 4 WATT 
several cents each in any application Type PW-4 allows safe operation 
Am ; with hot-spot temperatures up to 
requiring compact, low cost, efficient power 165°C. Fully insulated housing will 
resistors. Types PW-4, PW-7 and PW-10 ee ee eT 
resistors assure safe operation in circuits 
where stability and low wattage 


dissipation are needed. 





I I 








Types PW-7 and PW-10 allow 
safe operation with hot-spot tem- 
| peratures up to 275°C. 


TEMPERATURE 7 WATT 
RISE VS. LOAD 





C 

















Temperature Rise 








UNUSUAL DESIGN AND ASSEMBLY 
TECHNIQUE PROVIDES LOWER 
COST PER WATT. 


SEND COUPON FOR DATA BULLETINS 








60 80 100 
Percent of Rated Load 


INTERNATIONAL RESISTANCE CO. 


Voltmeter Multipliers « Boron & : , 

naiaatied ions Abe ents AI9AN. Broad Street, Philadelphia 8, Po. 

Insulated Composition Resistors 

Power Resistors * Volume Controls 

« Low Wattage Wire Wounds e Please send | | Bulletin P-1 on PW-4 Resistors 
Bulletin P-2 on PW-7 and PW-10 
Resistors. 


In Canada: International Resistance Co, Ltd 
Toronto, Licensee 


Nome 








Precision Wire Wounds « Uitra HF Title 
and Hi-Voltage Resistors « Selen- 
ium Rectifiers « Insulated Chokes 
« Hermetic Sealing Terminals « pe 


Company 








City 
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PRODUCTS ann MATERIALS 


ind accepts samples up to 


liameter and 5,6 in. high. 

iv be set to repeat count- 

one, two or three times o1 
Any desired number of 

be by-passed and the 
tdvanced accordingly.  Radio- 
ure printed on SC-5D 

tape, along with the sam- 

n terms of elapsed tin 
letermined number ot 


sured by the scaler. SC-1S Beta Thickness Gage 
ler \ he ser \ hy 4h } } 

. mi . ust vill Che Mio _ beta thickness 
\ecuracy 6 approx enables mensurement ot 
ving time Is approx- sheet-process industries where 
tor CGreiger counting sineiienties < low or production 
by the resolving mittent ‘he unit permits 
or amplifier for 


propa ong Tracerlab. Ine 
Isotope Carrier ) High St.. Boston 10, Mass. 


f sheets up to 2 

i weight pe 
isured is G00 meg 

The model 3035K 20-Ib shielded isotope } 


carrier, for bottled radioisotope is 


presented 


closed with a keyv-operated lockit standard ti onstant response 


mechanism to prevent unauthorized ec: other I constants 


personnel from handling the isotope Radiation source is strontl 


{ bottle containing the isotope otherwise 


lowered into the well of the si unit, depet 
where it) is surrounded by 1 operator's sk 
lead. Spring platform raises the . 
tle when the lock at the top of 
shield is removed. Nuclear Inst 
and Chemical Corp., 229 W. 1 


Chicago 10) [ll 


Direct-Reading Dosimeter 


I} vatertight low-cost dosimete! 
ed lor anv range or sciule 

nd 100r. Energy depend 
zero down to 

miax down to 

charged wit 

ind fits stand 

Defense chargers 


specified charg 





Sine-Cosine Potentiometer 


106 sine-cosine potenti- 
ites on both a-e and d-ce 
be the smallest packaged 
duced that performs 
Automatic Flow Counter siliciien, ih Gilet aaail. 
This sautomatie flow count col nee Potentiometers may be 
pletely sealed, accommodates up to 25 inged o1 common shaft to produce 
samples and makes it possible t t independent sine-co- 
tain automatic radioassavs wit! ! ne fut Ol simultaneously. Com- 
dowless G-M_ or proportional counter ty nst ents Co., 1964 Utica Ave 


Unit keeps samples under gas flow prooklyp , P-4 
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150 and 300 |b classes and are available 


ionization 
in carbon-steel and othe 
Hamer Oil Tool Co AG] 


ive., Long Beach, Calif 


“1 and dist harged 

any instant hy 
Instrument, 

ent Co., England (U.S 
‘or ITnstru- 

‘SU Fifth 


P-6 





Counting-Rate Meter 


Fast-Neutron Counters 
The model CRM-550 counting-rate 


itron counters are 
meter, designed for scintillation count- 


Monochromatic Source eek ORE EY , 
ing, cab also be used) with less sensitive 


rs and 


directional and 


inters olf one, two 
bers are filled with pure The model KLA-5C potassium labora- Geiger o1 proportional counte 
pressure of 150 em tory are furnishes monochromatic accommodations ure provided hor 
light of potassium for polarimetry, 4 I-ma chart recordet Linear ampli- 


it 2.100 volts. Counters 
and ry has rise time of about 1 wsee and 


three chambers are interferometry rel 
spectrometry. It is £een- amplification of better than 1,000. 
M0 volts In conjune- eral work in’ chemical and IVSIC Pulse height discriminator 
AIC amplifier having a laboratories, and ean supp ible from zero to LOO volts Variable 

cof 0.5 Meandagain — line radiation with approxit | error of 1, 2, 5, 10 and 206% results in 


of the energy 


mination is obtained 
(460 A, Other line radiations « pe omsee to 4 min, 


of 13.2 em and 
idjust 


In the regio 2 25 response times ranging om Lo 
ds recoil protons. The unit features five 
filtered out. George Vi ales 0., seales from 25 to 


Inec., Hempstead Turnpike > ha High-voltage power supply 
lee., Franklin S NV. J from 700 to 2.000 volts. regu 


biased out com- 10.0000 counts ‘see. 
ght setting of 10 s variable 
ited to 


s lined with 

d is separated 0.005°) change in output ve per 

in. brass ve voltage between 
le-up effect 130 


P-7 


and lk eclopment 


St. Lo 14. Mo 


Pulse Amplifier 
minator is 


‘ oR 
vortional and 
ne, Gain variable Differential Analyzer 
200 to 20.000 times The tvpe 501 differential ar 
Plug Valve wide-band amplifier that « 


differential signal into a single-ended 


ith control of 


differentiation time This balanced-ty] 
signal. Amplifier consists of two iden- 


signal to-noise tended 
tion of unit tical channels and an output voltmeter 
that indicates the output signal poten- 


Regulated 


tial. Each channel has a high-differ- 
] 


porated in. the 
(‘amb wiqe) Lid F 
England P-8 are currently being 


Live ential-ratio amplifier stage ind a 
te! with 


99 


1 in ASA” balance-to-unbalance conver 


line ced 
Use post card insert in this issue. 
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no transformer so that the degree ot a around the 

reyection. ol the common-mode. signal % driven by air or a series-wound electric 
can be made very high over a wide Fe motor Labline. Inc.. 217-221 N. Des- 
frequency range. The ratio of ampli- @ ‘ ; plaines St., Chicago 6, 1 . P-16 
fication for differential signals to that 

of common-mode signals is over 3S 


10° from S eveles to 1 Me: voltage 


amplification is approximate : Protective Coating 
Input impedance is 2.7) megoh a Two types of Magie-Vule vinyl protec- 
shunted with 15 uuf from tive coatings, applied by brusl 

terminal to ground, and 35.4 vohn = 3 gun or dipping, are available for abn 
shunted with 10 uf between the sive and corrosive protection tor metal, 
off-ground terminals. Output imped- . ae wood, concrete, fabric, ets The coat- 
ance is approximately 300 0 ohm Ings Invi resin-pigment-solvent O01 
Lidvance klectronics Co Tne 7 vinvl Plastisol drv to a tough. flexible 
Highland Ave., Passaic, N.. . Temperature Indicator finish Wagic Chemical Co., 121 Cres- 


_ . nt St Broecl 12. Mass oe by | 
These temperature indicators are avail- 1 ‘ I : 


ble in the following models: model 
196, providing Six overlapping ranges 
70 to +60° F: model 197, six 

gy ranges trom +10to +140 

model LOS, which has « single 

-+HO to +90° F Sensing 
and-calibrated thermistor 

in be located SOO ft from 

strument with standard calibra- 

tion or S000 ft with special calibration 
Phe unit is battery operated; direct- 
‘adding accuracy Is said to be +0.5° F, 
itley, Inc., 974 EB, San 

P-15 


Spectrum Analyzer 
The model TSA spectrum anal 

Oscillograph ers the range of 10-22.000 
The series VS-900 oscillograph lia three inter 
d-c sensitivity of ZOO wv em and vle-din 
a-c sensitivity of LO wv em: d-e drit : control ts 
wter a o-min. warmup period, seldon é, frequency spectrum 
exceeds tomy. The frequency rang t frequency dispersion-range 
has an upper limit of 500 ke (3 db to 25 Me with a resolution 
down); the response ¢: » rane | An internal marker is provided to 
to 100. 5O. 5 on : hers measure frequen differences ) 
Schae fhe r VW fg. Corn., } oa ! 2: ‘ona 3-in. ert display with 
Schenectady 6, N.Y 3 he frequency difference read 
rated control 

TSA is said to be 

mn An r-f attenua 


Sine-Cosine Potentiometer i 
oe 


mmodate | irger s 
The RLIIC sine-cosine potentiomet on inenice Cone $00 Met 
is wire wound and provides two ; 

voltages accurately proportions Vacuum Mixer 
sine and cosine of the angle of shaft Che Stir-O-Vae was designed for 
rotation The potentiomete ' i LIN TM solid-louid reactions \ . 
360-dee continuous mechat t = he tion is noconnas inal lig Diaphragm Seal 
tion, «a winding resistance OO0 a ‘ ons where reagents ar Ww These diap] 

ohms 10) rated at 1.5 watt t 6 itun miscible Phe unit oj 

C, and a life expeetaney of 850,000 ls up 20,000 rpm 


revolutions. Sine and cosine out} 11 ! »>2 mm without 


have iverage deviation 
Rawson Electrical Instrum 


Potter St... Cambridge, Mass 
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yhen the vage Is removed 


piston moves the dia- 
nto operating position 


replaced It is 


uracy of the instru- 


is 
To 
iby the removal and 

instrument under 

Diaphragm seals 
several alloys for cor- 
tection and can be provided 
it temperatures up to 500 Ik, 
1051 Power Ave 


& Green / 
P-19 


(hie 


Resistance Analyzer 


Phe lel KED-13 measures 
megolimes 


resist- 
OOO ohms to It 
nd the voltage 

resistor, having 

CIty can be 

to 0.00027. volt 
mensured resistance 

mn two ranges, 

by i self-con- 

mwwer supply Sensi- 

s within 0.046 on all 
rp.,  Elee- 

P-20 


Recording Oscillograph 
tv] 5-114 recording os- 
in. see record- 
rd phenomena trom 
13.000 eps. Timing 
{simultaneously wit! 
» time correla- 
at O.1-sec 
race mark- 
nes Tor meus- 
Keach oseillo- 
it detachable 
unexposed- 


PAZ 
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MODEL RAMS-1 


INDUSTRIAL RADIOGRAPHY 
NUCLEAR REACTOR PROJECTS 
HOSPITALS AND RADIOTHERAPY CLINICS 


UNITIZED PLUG-IN CONSTRUCTION. .. lon chambers available in various sizes 


HOT LABS 


r It 
at 


HOSPITALS AND RADIOTHERAPY CLINICS 


reading 


NUCLEAR REACTOR PROJECTS 


M ' r n direct 
v g bea aire y 


ate vy 


9 area me distance fr 
k to prevent fenta ¢ 


INDUSTRIAL RADIOGRAPHY 


where 


heir 

be 

nat * radiat for or 
j i f 
ext 


CIVIL DEFENSE 


pal water pplies with 
t 4 water 


e Inexpensive 
one station 


e Onet 


above 


Pluo-in unit 
© Plug U 


Complete TECHNICAL DATA and detailed 
specifications mailed on request 


JORDAN ELectRONIC MFG. CO., Inc. 
Dept. A-1, 119 E. Union St., Pasadena, Calif 





itor no-recorad Varning 


in raat U. S, = wd f , - Si gc selector pony 


ek and = individual 


nput connectors ar 


onty ESCO makes 


guaranteed 


ring Corp , AU \ 
Pasadena 8, Calif 


0.03 max. carbon 


stainless castings a 
ra 


i Wing 
4, 
Me 


...to stop 


CORROSION 
even at the weld 


Most castings must be welded to com 
ponent parts during installation, 

The higher the carbon content of a 
casting the more “carbide precipita 
von” during welding. Carbide precipi 
tation often means severe corrosion 
adjacent to welds —unless the casting 
is heat-treated after fabrication in 
always difficult, sometimes impossible 
job. 

ESCO 0.03 max. carbon castings 
available in all 18-8 and 18-8 MO anal 
vses, can be welded into the installation 
and be ready for action immediatels 
without loss of corrosion resistance 
Result: Dependable, corrosion-resistant 
equipment operation, A definite cut in 
operating Costs, 

ESCO otters a complete heat and cor 
rosion. resistant service for a single 
casting or an entire installation 


Write to: 
ELECTRIC STEEL FOUNDRY CO. 


2165 N W. 25th Avenue, Portland 1 
712 Porter Street, Danville, Hlin 


... the toughest 
corrosion problems 
wind up at... 


ee 





Vacuum Tube Voltmeter 


| | 


( 





\I\ 


1.000 


o-oo) 
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Switch can be set to 
temperature or to shut off 
reset temperature is reached. 
500--1.500 F. Assembly 

Box 191, Chagrin Falls, 


( P-26) 


460, Domotor-operated, and 
ler-operated, valves were 
pressures to 6,000 psi and 

to 900° F. Valves are 
ind 3, in. sizes. The 
iE. Telegraph Rd., Los 


Fractionator 
I Dalin distillation apparatus is 
range of sizes and types 
inging from 2 ml to 72 
{ columns can be sup- 
p rates as high as 30 
ig on the diameter of 


nd the packing. The 
12, No. 7 - July, 1954 


FORD INSTRUMENT COMPANY 


PRECISION 


® offered in a variety of types 
© with tolerances to ~0.0005” 
® for wide range of computing and motion applications 


Whatever your computing or motion application, Ford Instrument 
can make the cam to meet your exacting needs ...3-D Cams, grooved 
flat cams, external flat cams, grooved cylindrical cams. Our unique 
cam-producing facilities guarantee a “custom” job every 

time. Check us today. 


WRITE FOR ILLUSTRATED CAM BROCHURE, COM- 
PLETE DETAILS ON ALL TYPES. ADDRESS BOX N. 


sy FORD INSTRUMENT COMPANY 


DIVISION OF THE SPERRY CORPORATION 
31-10 Thomson Avenue, Long Island City 1, N.Y. 








NMC PROPORTIONAL COUNTER CONVERTER 


@ No window absorption @ 2 = geometry @ Full 
yield a counting @ Differentiates between a 
and 8 @ Negligible resolution loss @ Adapts 
any scaler to proportional counting @ Rapid 


decontamination 


MODEL PCC-10 


‘385.00 


F.O. B. INDIANAPOLIS 
. 

FREE CATALOG 

Catalog’ N-8 covers NMC's 


complete line of nuclear 
instruments. 


Foremost Manufacturer of Proportional Counters 


Nuclear Measurements Corp. 


e@eereeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeetCeeeeeeeeeeeeee 


2460 W. ARLINGTON AVE. » INDIANAPOLIS 18, ino. 
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NEW 
AND 


“Na é 4 


Beta-Gamma monitor 


- Built-in source 


for exact calibration check 


Se es 


$1§ 750 


A brand new version of the 
Jordan Radector—widely 
used for Civil Defense—is 
now available for general 
purpose x-ray and isotope 
monitoring 


¢ Two beta-gamma models each with two loga 
rithmic scales 
Model AGB-50-SR 
Mode! AGB-500-SR 


05-50 mr/hr 
5-500 mr 


and .05-50R/hr 
hr and 5-500R/hr 
e Built-in calibration 

of at least 10° 


Energy dependence 
from 75kev. to 
of Stds.) 


source prov 


Substantially independent 
1.2mev. (Tested by Nat'l Bur 


Stable, low voltage circuit with Neher-White 
ion chamber eliminates such 
components as high voltage supply 
transformers, and high meg resistor 


troublesome 
vibrator : 


Battery life Continuous use—400 hrs 
by Nat'l Bur. of Stds 
two years 


Tested 
‘ 


Intermittent to 


One 


Hermetically sealed, immersion 
mounted, unaffected by temperature, hum 
or pressure variations 


proof 


shock 


4i¢ 
gity 


JORDAN RADECTORS 


ARE NOW USED BY THE FOLLOWING 


Los Angeles Tumor Institute ¢ Cancer Resear 


Bost ne Un versity of Cc vifornia « Stant ra 
Institute of 

Engineering Co © Radiologists 

organizations « AEC 


the Military 


Installations « 


Multi-channel Remote Area Monitoring Systems 
utilizing the Radector circuit are also available 


Dealer Inquiries Invited 


WRITE FOR BULLETIN AGB.1 


JORDAN ELECTRONIC MFG. CO., Inc. 


DEPT. B-1 


119 E. Union St., Pasadena, California 


104 Want m 


adiabatic 


d by coiled-ribbon 


which are 
windings, for 
operation at temperatures up to 350° C 
Thermometers are located within each 
winding to indicate the column tem- 
during preheat time. Scien- 


| pparatus C'o.. Inc.. Bloom- 


P-28 


Delay Lines 


250, a true decade-dela 


ind not a tapped system, Is de- 
Character- 
1,000 ohms; delay 
1%. This 


delay ol 


for laboratory use, 
Impedance Is 
bration tolerance Is 
rovides a maximum 
in steps of O 1 usec and has a 
2 usee and 0% attenua- 
\odels are 
ble with other delay character- 
BSC 78 KB. 161st St 
rk 56, N. J P-29 


me ot 


maximum delay. 


Corp 


Electric Meter 


rl meter movement mcorporates a 
ISpension that is sai 


friction 


with 
The 


ned to withstand 


issoclated 
ements hew 
500 G on all three 
i overloads In @Xcess 
00.000 Grethach Instrume? 


Vet . ae 


Environmental Cabinet 
The Weather 
ard 20- and 30-ft 


ot most 


-Lab is available in stand- 
sizes for simulation 
conditions between +35° | 
+ 200° FF, and between 20% and 
Access to the test 
two tront-opening 
The 


with an 


and 
95‘ humidity 
space is through 


“reach-in’ type doors basic 


unit is equipped exterior- 
mounted control panel with adjustable 
bulb Re- 
frige ration Systems, Ine Hudson Bay 
Div., 646 W. Washington Blrd., Chi- 


Cage a / P-31 


wet and dry thermostats. 


RF Power Bridge 
The model VHF-UHF 


bridge covers a frequency range of 10 


302 power 
1,000 Me and is capable of measuring 
power levels from 2 uw to 30 mw in six 
The bal- 
anced input impedance of 300 olims and 
Applica- 


tions include measurements on tuners 


ranges, instrument has a 


total error of less than 5% 


converters, and transmission messure- 
itive and passive networks 
Instrument ea... PAT 


York 13, \ ) p-32 


ments ol 
‘lectro- Vetric 
Veu 


Centre St 








Density Gradient Analyzer 


This densitv gradient analvsis 


the 


set ois 


used to estabtiist 


1 dentity or non- 
identity Ol orig it Wo objects 
C‘om- 


ate in- 
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nd rock, mineral materials 


nd requires 25 mg or less of 


we"! DILOT SCINTILLATOR B 


d bottles, glass tubes and stand 


ind a combination de- 


A plastic scintillator* developed by Pilot Chemicals, 


uction head. Vicrochem- 


University Inc. containing diphenyl sulbene. 
P-33) 
GREATEST PULSE HEIGHT 
SHORTEST DECAY TIME 


of any plastic scintillator. 


We also offer a wide variety of highly purified 
FLUORESCENT CHEMICALS for liquid scintil- 
lators: oxazoles, oxadiazoles, diphenyl  hexatriene, 


tetraphenyl butadiene, and others. 


Heat-Treating Furnace P| LOT CHEMICALS, | NC. 


The model FG-430 general-purpose 
heat-treating fturnace includes tem- 47 FELTON STREET WALTHAM 54, MASS. 
perature indication, control and 


permanent record, plus completely 











itie time-temperature) program 
rv the full heating and cooling 
The equipment operates at 
ratures up to 2,700° F and is said 


ceeuracy to within 0.25%. 


a 5 Cubic Feet (140 Liters) Per Minute 
~~ GUARANTEED VACUUM 0.000Imm Hg. or 0.1 Micron 


@ FASTER PUMPING ® QUIET OPERATION 
® VISIBLE OIL LEVEL ® COMPACT DESIGN 


Overall dimensions for pump and 
motor 15!» high and 11° wide 
x 199°." long. 
1402B. DUO-SEAL PUMP, MOTOR- 
DRIVEN. A No. 1402 Pump 
mounted on a base with a !) H.P 
115-volt A.C. motor. Complete 
with pulleys, belt, and cord. 
Each $295.00 
1402G. BELT GUARD for 14028 
Duo-Seal Pump. Each $15.00 
1402. DUO-SEAL TWO STAGE 
VACUUM PUMP. Pump unit only, 
not mounted on a base, but with a 
10 inch grooved pulley, a supply 
of oil, and directions for use. 
Each $225.00 
The 1954 edition of the Welch Cato tion, including performance curves of 
log on Duo-Seal Vacuum Pumps is now the Duo-Seal Pumps ranging from 21 
available. liters per minute to 375 liters per 


‘ 


ph hgh haat 


minute, is given, as well as a greatly 
This 48-page book lists many new enlarged listing of Diffusion Pumps, 
items of interest. A complete descrip Vacuum Gauges and accessories. 


Multichannel Amplifier Manufacturers of W. M. WELCH SCIENTIFIC COMPANY 


hannel amplifier system D Scientific Instruments and — DIVISION OF W M. WELCH MANUPACTY RING COMPANY 
nded carrier-amplifier range Laboratory Apparatus 1515 Sedgwick St., Dept. NU, Chicago 10, Illinois, U.S.A 
ised) data capacity, Both aomene 
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Hi-D’ 
LEAD GLASS WINDOWS 
IN STEEL WALLS 


STEELY 


JZ 7 
Af 
AA f 


‘ 

8 ‘ 
7 
= 


LEAD 
_ GLASS 





* TRADE 


- 
MARK 


‘ Vf f, 
WIDE ANGLE 1 77 : 
OF VIEW FY 
‘ 
+. 


Hi-D Lead Glass Windows provide 











clear, direct, wide-angle, binocular 
vision through heavy gamma-shield- 
0.55; 


ing walls. Lead equivalent 


steel, 1.0 


LARGER SIZES NOW AVAILABLE 


man 





Send for circular GS-3A 


PENBERTHY 
INSTRUMENT CO. 


666 ADAMS ST SEATTLE 8. WASH 























MERCURY VAPOR 
DETECTOR 


for detecting toxic concentrations 
of mercury vapor 





The toxic limit is a full scale reading on 
the high sensitivity scale of Model 23 
illustrated above. The weight is 7 
pounds and the size is 13 x 8} x 4} 
inches. 


A bibliography on the mercury vapor 
hazard is available on request as well 
as literature on the different models of 
the Kruger Mercury Vapor Meter 


HAROLD KRUGER 
INSTRUMENTS 


Box 164 San Gabriel, Calif 














106 


linear-integrating and carrier-amplifier 


units may be used in any combination 


up to a maximum of twelve to permit 
simultaneous use of self-generating and 


externally excited pickups. Physical 


phenomena in the 0-5,000 eps range 


may be amplified; output can be 


coupled to any recording  oscillo- 


graph equipped with galvanometers 


of matched characteristics. The svs- 


tem may be used with capacitance, 


inductance, reluctance, resistance, pie- 
trans- 


Z0electric and photoelectric 


ducers. Single record indicates strain, 


pressure, acceleration, vibratory dis- 


placement and velocity Consolidated 
Engineering Corp., 300 N, 


Vadre Villa, Pasadena 8, Calif. 


Sierra 


P-35 


Power Supply 
The model 
plifier «ad- 
rated at 10-40 


has an accuracy of +1% 


\IR1040-30 magnetic am- 
regulated power supply is 
volts at 30 amperes and 
from 10-40 
volts output, 3-30 ampere load and 
100-130 volt line variation. The sup- 


ply employs magnetic materials and 


low-leakage selenium rectifiers and 


contains no tubes. Perkin Engineer- 
345 Kansas St., El Se gundo, 


P-36 


ing Corp 
Calif 


Infrared Water Bath 


The model 12A infrared bath provides 
temperature control from 2 to 65° C. 


lemperature is normally held within 


0.005° C, over the entire range. Con- 


tinuously adjustable circulation — is 


untained by a centrifugal pump; 
connections are provided for externally 
irculating the temperature-controlled 
water Kinetic Instrument Co., Dept. 


”), Highland Park, Ill (P-37 


ation Use post card insert in this issue 


Centrifugal Blower 

The model 386 centrifugal blower can 
be factory assembled to deliver any au 
volume between 2,000 and 9,000 ft 
min with pressures ranging from | to 9 
psig, or vacuum from 2 to 12 in. Hg 
The 


Variation in an 


units are self-adapting to any 


volume requirements 
from minimum to Maximum capacity. 
The 
stock parts and custom-made for the 
JS Hoffman 


blower can be assembled from 


particular application 
Vachine ry Corp 105 Fourth Ave.. Neu 
York, N. } P-3S 


Concrete Anchor 
This 


quick suspension of 


concrete insert is designed for 


piping, electrical 
heating and ventilating ducts 
supports up to 1,000 Ibs. 
1013 W. Wash- 
P-39 


conduit 
ete., and 
lnistrut Products Co.., 
ington Blvd., Chicago 7, Ill. 


Correction 
The Red Dot 


diodes, 


SeCTIeCSs ol point-contact 
manufactured by 
1521 E 


Segundo, Calif., are 


vermanium 
International Rectifier Corp., 
Grand Ave., I] 
manifestly not transistors, as reported 
in the May issue of NUCLEONICs. 


INDUSTRY NOTES 
P Applied 


Springbrook Rd 


Radiation Corp., 1210 
Walnut Creek, Calif., 
has been organized for the development 
of a new type of electron linear accelera- 
tor as its initial project. The 6-million- 


volt accelerator is claimed to be more 


powerful than the GE resonant trans- 
former or the Van de Graaff and to 
lighter and less ex- 
2 OOO Ib 


be simpler, smallet 


pensive It weighs about 
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ind requires space 4 X 4 X 9 ft and 


prabesrbesdprenanaetee scape Metta Introducing e e e the successor to the 


plication. Is expected to be in the food 


ndustry Scientists concerned with 
its design and construction are M. R. "*double decker’”’ scaler 
Jeppson (company president), 1). Gar- \ VA ~ 


bellano (vice president and general 








manager), H. Gordon (second vice 


president , and R. Post. 


& Vitro Uranium Co., Salt Lake City 
Utah, division of Vitro Corp. of 
America, has received a 5-vr AEC con- 





tract for production of concentrate 
from uranium ores. New contract ad- 
justs compensation for variations in 
ore content and process changes and 


proy ides for tonnage increase. 


® Tracerlab, Inc., 130 High St., Boston model S G on ] A 


10, Mass., has been awarded Navy FEATURING 
order for 9,000 self-luminous deck and NOW — a completely electronic scaler that FIVE electronic decades 

. +90 d than “double decker” scalers PRECISION calibrated Schmitt discriminator 
personnel markers acts ated with Sr°’. “ ve ' STABLE, dug! range high voltage power supply 
ah " et ities ana costs less ACCURATE pre-set time (0.2 sec.) 
These markers reduce radiation hazard 4 

, : WIDE RANGE pre-set count, 100 to 100,000 

We CEE Geter eae cow sae ANTI-OVERLOADING amplifier; choice of 
amplifying and high voltage circuits —a models with 1 or 20 millivolt sensitivity 
new standard of performance. ETCHED WIRING used throughout scaling 


of Ra-excited markers. z : stages 
Write today for complete information. ENCAPSULATED high voltage transformer 


LITERATURE AVAILABLE imc 


Pressure transducer. Bulletin PT-1 
describes transducers for the measure- TECHNICAL MEASUREMENT CORPORATION 


ment of gage, differential or absolute 





to personnel and provide ten times the 
brightness (SO effective microlamberts) 





: New Haven, Connecticut Box 1947 
pressures Statham Laboratories, Ine.. 


12401 W. Olympic Blvd., Los Angeles 
64, Calif L-1) 


Industrial X-ray unit. Noreleo MG WE 5 M E G 

160 folder describes a portable self-con- 

tained industrial X-ray radiographic Vacuum-Sealed RESISTORS Welmeg resistors were 
unit. North American Philips Co., 50 to 1,000,000 MEGOHMS developed specially for 
Inc., 7508. Fulton Ave., Mount Vernon, nuclear and related re- 
N. 1 L-2 search. They are particularly suitable for use with electro- 
meter tubes, ionization chambers, and in all other applications 
which indicate high resistance values with close tolerance 
and good stability. 


Micromicroammeter. Bulletin dis- 
cusses combining electrometer and dec- 
ide shunt to produce = micromicro- : 
ces Keliiee lati Stn Welmeg resistors are vacuum-sealed in glass. They are then 
Cusnenls ine. Cmabit Sie, 0.0 subjected to stabilization processes. After they are individu- 

ally inspected and measured for temperature and voltage 
Electron accelerator. March 1954 coefficients, and noise, they are stored for long periods to 
bulletin deseribes accelerator for in- insure absolute stability. 


dustrial, radiographic and therapeutic ah . . , . : 
ee Se ee Se eee Phe behavior of any Welmeg resistor for any determined con- 


ditions can be predicted with reliable accuracy. Each Welmeg 
resistor bears a serial number which enables the user to obtain 
an exact history of the unit with accurate data regarding its 
electrical properties. 


pplications. Applied Radiation Corp., 
12710 Springbrook Rd.. Walnut Creek. 
Calif (1-4) 


Hose coupling. Booklet describes 

leak-proof quick-seal hose coupling. 

Tite le - Tne He ndee St., Spring fie ld For complete data 
Maes (| _5) write to Dept, HG-2 


Valve and pump packings. Bulletin 

rP-1053 describes Teflon valve and Be 

pump packings United States Gasket ay High Stability 

Co., Camden 1, N. J. (1-6) Factories in POSITED CARBON RESISTORS 


England and Canada 


Laboratory ovens. Catalog 331 de- 


scribes ovens, sterilizers, incubators ROCKBAR CORPORATION, 215 East 37th Street, New York 16, N.Y. 
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YOUR 
BUSINESS 
CHANGED 
ON 

JANUARY 21, 

1954 


On that morning the atomic-powered sub- 
marine USS Nautilus slid down the ways 
confirming the first large-scale applica 
tion of controlled nuclear power. The 
basic technological advances that made 
this feat possible are today opening new 
frontiers for American industry. Have you 
opened your door to these advances in 
your business? 


NDA 


Nuclear Development Associates, Inc., 
America’s senior nuclear engineering firm, 
offers to industry specialized research, 
development, engineering and design 
services based upon these advanced tech- 
nologies. Our services for government 
and industry include 


research in new sources of energy 
industrial uses of radiation 

design of nuclear reactors 
process instrumentation 


information handling and computing 
techniques 

intense heat transfer applications 

research , us high pressures 


and similar high performance 
engineering 


NUCLEAR DEVELOPMENT ASSOCIATES, INC. 
80 Grand Street, White Plains, New York 
White Plains 8-5800 


Please send me 
“Collected Papers on Atomic 
Power for Civilian Use." 





Organization 


equipment Precision 

i Cortland St 

L.-7 

Distilled water safeguard. Bulletin 
161 describes air filter for protecting 
water in storage Barnstead 
Sterilizer Co., 222 Lanesville 


Boston >] Vass. L-S 


Electronic Catalog R 
200 describes resistors, deflection vokes 
I-T-E Cir- 
Breaker Co., 19th and Hamilton 


Sts., Philadelphia 30, Pa L-9 


components. 


and transformers 


Flowcounter. Bulletin dese: ibes mode 
muuntel lol 
Llomare Insti dmient 


Vass L-10 


Geiger or pro 


Bulletins 116-A and 
1IS-A describe hydraulic servo actua 
insmission svsten Peqasus 

11 Mile Rd., Berl 
L-11 


Hydraulic servo. 


Miniature inductor. April 1954 bul 
es specifications of SLI and 
ire) inductors Vico [n- 
82S Towbridge St., Cam- 


1-12 


Raman spectrography equipment. 
H334/2 illustrates line of 
direct-reading equip- 
; pte 


1s/ ('o Ij 
Vass 


control. Bulletin 102 
gh-temperature safety alarms 

models V-1C and V-1IX 
ament Co., Ine., 16 River 
ee, I-14 


Temperature 


Data unit 
heated 


Gages and valves. 
pecial-purpose 
= and \ ilves. Jerqust 
Co SO Fellaway. Some 


Valves. srochure describes series 
satet ' Varine & Indust 
Products Ce 150 W. Marquette Blrd 
Chicago 21, 1 L-16 


Enclosed laboratory system. Cats 


es enclosed units for hazard 
biological, and = radio 

: Kewaunee Mfg ( 
Vici L.-17 


Freezing-point depression. Bulletin 

2248 deseribes apparatus that permits 
otic-activity determina 
iqueous samples Lane 
tCo.. Inc.. Silver Spri 


LL-1S 


voltmeter.  Broc! 
‘ odel 400D for 10 eps to 


Vacuum tube 








Accurate 
Economical . . 


Easy to-operate 


KELEKET 


Pocket 
DOSIMETER 


MODEL K-112 
AEC +PIC-7A3 


Enables X-ray or radio- 
isotope personnel to keep 
constant check on accum- 
ulated X and gamma 
radiation exposure. Clips 
conveniently to pocket. 
Withstands severe abuse. 
Only 3° long. Capacity: 
200 mr. 


Also high range models to 
100 roentgens. 
Charged on Keleket K-135 
Charging unit 
Write for 
FREE Bulletin! 


KELEKET INSTRUMENT DIV. 


266-7 West Fourth St. 
Covington, Ky. 








SEARCHLIGHT 
SECTION 


(Classified Advertising) , 
EMPLOYMENT . BUSINESS 
EQUIPMENT — USED OR RESALE 


OPPORTUNITIES 


UNDISPLAYED RATE 
a line. Minimum 3 lines. 
DISPLAYED RATE 
$15.00 per inch. 
ADVERTISING INCH: j” on one col- 
umn, 3 columns—30 inches—to a page. 


NEW ADVERTISEMENTS 


Address: 33 W. 42nd St., "New 
xy  - August issue closing 








USED—RECONDITIONED 


NUCLEONIC EQUIPMENT 


Keleket Alpha Scalers and Chambers 
Felemark Neutron Monito 
Dosimeters, Speed Counters etc 
quality at substantial savings 
ENGINEERING ASSOCIATES 


434 Patterson Road Dayton 9, Ohio 














tEPLIES (Bor N 
VEW YORK u ) 
CHICAGO V. Mich 
. CO: 681 








Wanted 


PHYSICIST 


ycurs esca4ny 
veral ‘ 
ployn 


I 
y 
PW 








ANYTHING 
field N 


July, 1954 - NUCLEONICS 





Nii Tie ett-Packard (‘o 395 Paq 
Will Rd., Palo Alto, Calif e 


Recording controller. 
2100 deseribes 
rders and recording con- 
ral Electric Co.. Schenec- 


1-20 
Catalog N-] 
ecessories,  Burling- 
( Instrumer 153 N. Third St.. 
Burlington. Low [.-21 


Electrical instruments. 


sts meters and ;: 


Precision potentiometers. Brochure 
RVBC2. ball bearing 
Co.. Fram- 


[-22 


hure tlhustrates stainless- 
ly 


ind relief Vaives., Associ- 
A / ngiuneering Ce.. Il Ww 
{te Rd Chie ago 21 Til. 


L.-23 


Titanium tubing. Bulletin 42 describes 


ropert ipplications and advan- 
titanium tubing 
152? Germantown Ave.. Nor- 


Pa 1-24 


Supe rior 


A-C test set. Bulletin describes 60- 
set Sensitive Researel 


Dept. 170A, 9-11 Elm 
non, N. L-25 


Light on the Future” 
nization of digital com- 
deseribes functions of in- 
irithmetic, control and 
omponents International 
whines Corp., 590 Vadison 


wk 22,N. 3 1-26) 


Chokes. Data on insulated chokes is 

! etin H-1 

Resista Co.. 401 N. Broad St., Phila- 
Pa L.-27) 


International 


( 


Sulletin = B-] 


gives ( icteristics of  ink-writing 


Galvanometer pens. 


ory mometers for research and indus- 
t i r fin Co Tne 207 Main 
St., W fer S, Mass -.” 


Valves. f standard and custom- 

gas- and oil-heating 

frigeration, and air con- 
ribed in 

Problems.” 

mw oN sJnd Nt Mil- 

i L.-29) 


Solve These 


Bulletin 2SX75- 


types of cooling systems 


Water treatment. 


metal surface corro- 


ng organic growths 

f the wood in the 
es information on the 
chemical treatment. 
Vig Co.. 1316 S. 7Oth 


Wis. L-30) 
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| 
sooklet GED- 


potentiometric and 





1-97 7 OTE |. 








LELAB GEIGER-MUELLER TYPE COUNTER TUBES 
Metal-Walled Resist Shock 


Except for a glass bead insulator, Lelab counter tubes are constructed entirely 
of metal. The metal cylinder is used both as the envelope and cathode of the 
tube— providing it with strength, resistance to shock and simplicity of design 

The restriction of all component parts within the diameter of the tube 
permits the close stacking of many tubes within a confined space. Each 
counter is custom-built, filled and tested in order to imsure stability and 
reproducible results 


LELAB PROBE COUNTER TUBE FOR NEUROSURGERY 


(Robinson-Selverstone Type) 
Made especially for neurological surgery and other purposes requiring a 
miniature probe tube The small needle-like probe proy ides an ideal way 
of measuring radioactivity in vivo and for probing small areas with a relatively 
strong field intensity 


Write Dept. B for complete information 


H. W. LEIGHTON LABORATORIES, 26 Herman St., Glen Ridge, N. J. 











~ 


LAB DOLLY woot 1 


. with 8 power outlets (1500 watts, 110 VAC) 


and a 10 foot heavy duty extension cord 


* Ball Bearing Swivel Rub 
ber Tired Casters. 


* Recommended by Lab- 
oratories wherever 


sed, 
* Constructed of Aluminum. . 


Features 2 Shelves for F 49 50 
Equipment and a pan for Price * 


test leads, notebooks, etc. FOB Louisville, Ky. 


° 373” high, 183” wide, 
27” long. 








TECHNICAL SERVICE CORP. 


1404 W. Market St. Louisville 3, Kentucky 





A-P C'on- | 





MOVING? 


If you are moving (or have moved), tell us about it, won't 
you? Your copies of NUCLEONICS will not follow you un- 
less we have your new address immediately. Make sure 
you don’t miss a single important issue . . . and help us 
make the correction as speedily as possible by giving us 
your old address, too 


NUCLEONICS 


Circulation Dept. 


330 W. 42nd St., New York 36, N. Y. 





Want more information Use post 


ord insert in this issve 














flower of the 
Engineered 
Plastics 


TEFLON and KEL-F 


Electrically—The finest insulat- 
ing materials known for VHF, 
UHF and microwave circuits 
operating in wide range of 
ambient temperatures and pres- 
sure altitudes to 80,000 feet. 


Chemically—The only materials 
that are inert to all chemicals 
except molten alkali metals, 
fluorine under pressure and 
chlorine trifluoride. 


Physically—T he most anti-hesive 
material known, as well as 
tough, resilient, wear resistant. 


But to gain all their out- 
standing advantages, these 
materials must be handled ‘‘just 
right”’ in their fabrication. 


The United States Gasket 
Company offers “Knowhow”, 
based on long experience— 
specialized facilities—and close 
Quality Control ‘from powder 
to part” to assure you TEFLON 
and KEL-F at their best. 

Stock includes sheets, rods, 
tubing, tape, bars, cylinders, 
beading, and extruded shapes 
(the most complete line in 
the country). 

Precision molded and 
machined parts are produced 
to customers’ specifications. 

Ask for Bulletins No. 300 and 
No. 500. 


UNITED 
STATES 
GASKET 


COMPANY 


Citres The 





Want more information? 


Represertotiy 
ahout 


es 


the 





Hy 
CAMDEN 1+ NEW JERSEY ~ 
FABRICATORS OF duPont TEFLON 

Kellogg KEL-F AND OTHER PLASTICS 


n Pr 


tin this issue, 
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Atomic Instrument Company 
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Central Research Labora- 
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CLEONICS assumes no responsibility for 
errors or omissions. 





July, 1954 - NUCLEONICS 











3 NEW HIGH VOLTAGE SUPPLIES 


’ 
( g T 0 Mm C S | RECTIFIED 60 CYCLE 


Extra stability for precision scintillation counting 





1500 VOLT SUPPLY Model 312 ———> 
Stability: 0.02% per day 
Output polarity: Positive or negative HV 
through front panel switch. 
Line regulation: 0.01% for line variation 
from 100-130v 
Less than 200v. to greater than 
1400v., in 17 steps. 
Output: 1 milliamp 


DETAILS REQUEST BULLETIN 300-1 


2500 VOLT SUPPLY Mode! 318 5000 VOLT SUPPLY Mode! 319 
Line requlation: 0.2% at 500v., 0.04% at 2500 v.; for line Range 1000-5000v. continuously variable 
variation from 105-125v. Maximum Output: 700 microaomps. at 1000v., 1000 microamps 
Range: 500-2500v., continuously variable at 5000v. 
Moximum Output: 1 milliomp., positive only Similar in appearance to Models 312 and 318. 


ATOMIC’S 3000 VOLT RF HIGH VOLTAGE SUPPLIES 


gle unit in cabinet; negative qrounded 


: - SO . oes ; 
ve grounded) 
314 ngl nit on RMA panel; negative « 
316PR, positive grounded) 

Mode 26R Two supplies mounted on RMA Ine 

also Model 326PR, both supplic 

' Mode 326° ne Ositive and 

pply 


ATOMIC’S 20 CHANNEL DIFFERENTIAL PULSE HEIGHT ANALYZER 


Simultaneous pulse height measurements reduce Operating time, save skilled monhours, 


eliminate decay corrections. Used with Model 312 H.V. Supply for spectrum analysis 
Detailed Instruction Book’ , over 100 pages, fully illustrated, now available with Model 


520 Analyzer. Write for details 


WATCH FOR ANNOUNCEMENT OF NEW SCINTILLATION COUNTER 


If you have r 
Catclog Supplen 


SALES REPRESENTATIVES 
0 T 0 m i ( qD | N $ T R u M E N T H. E. RANSFORD CO. — 2601 Grant Bidg., Pittsburgh 19, Pa. 
W. A. BROWN & ASSOCIATES — Alexandria, Virginia 
Cc \e) M P A N Y Branch Offices — throughout Southeastern U.S. 


84 MASSACHUSETTS AVE. CAMBRIDGE 39, MASS PACKARD INSTRUMENT CO. — P.O. Box 428, LoGrange, Ii! 
J KITTLESON COMPANY — Los Angeles 46, Calif. 


. . ' . el . Branch Offices — San Francisco, Calif. — Albuquerque, N.M 
Linear Amplifiers, Scalers, High Voltage Supplies, Scintillation Counters, RON MERRITT COMPANY — Seattle, Wash. 

Count Rate Meters, Coincidence and Anticoincidence Instruments, STRAUS-FRANK COMPANY, Eng. Prod. Div. — Houston, Texas 
. , . : CANADIAN MARCONI CO. — Montreal, P.Q. 
Differential Pulse Height analyzers, Accessories. Branch Offices—Toronto—Winnipeg—Vancouver—Holifax 
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a 
the £lectranik 


Automatically plots two variables 


as a function of a third--- 





Duplex Function Plotter 








Newest of the many modifications of the 
ElectroniK recorder, especially designed for 
research work, is the Duplex Function 
Plotter. A two-pen version of the now famous 
Function Plotter, this instrument has three 
independent measuring systems; one for each 
of the horizontally moving pens, and one 
coupled to the vertically moving chart. The 
instrument is thus able to draw two simul- 
taneous, continuous curves representing the 
relationship x, x'=f (y). 

In the testing of missiles, engines, nuclear 
reactions and numerous other studies, the 
Duplex Function Plotter further helps to 
accelerate the pace of research. It provides 
better data by giving scientists a continuous 
plot of related functions on a single chart, 
without need for replotting from two sep- 


@ REFERENCE DATA: Write for new Data Sheet No. 10.0-17, 


iH) H 


BROWN 


Want more information? 


arate records. It helps to lift even more of 
the burden of routine transcribing and data- 
taking from the shoulders of trained men... 
and frees them for more complete utilization 
of their skills. 


Input to either pen or to the y-axis can be 
practically any variable that can be con- 
verted to a d-c signal. All three inputs can be 
of different calibrations. 


Your local Honeywell sales engineer will 
welcome the opportunity to discuss your 
specific applications for this time-saving in- 
strument. Call him today . . . he’s as near as 
your phone. 


MINNEAPOLIS-HONEYWELL REGULATOR Co., 


Industrial Division, Wayne and Windrim 
Avenues, Philadelphia 44, Pa. 


“ElectroniK Duplex Function Plotter.” 


oneywell 


~~ 


tit we Coit 
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